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_ Lips encouraged to voice new theories helped make possible modern 
rocket power. Yet—for the sake of our nation’s safety—our lips 
must remain sealed to our enemies. 


RMI has long been known for its “open and shut” communication— 
for its encouragement of creative discussion not only within RMI but 


also with others who are working to advance America’s cause. . . and 


for its constant vigil to protect America’s secrets. For over a decade 
and a half, RMI engineers and scientists have been cooperating 

whole-heartedly with our nation’s security program as they blaze new trails 
in developing and producing today’s... and tomorrow’s . . . powerplants. 


problems challenging, the rewards great. 


Engineers, Scientists— Perhaps you, too, can work 
with America’s first rocket family. You'll find | the — 
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a missile platform wee 


but every day, 


throughout the industry, 
Engineers agree 


on Wiggins Connectors. 


The authority on connectors 
Engineered for Reliability. 


E. B. Wiggins Oil Tool Company, Inc. 
3424 East Olympic Blvd., Los Angeles 23, Calif. 
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MENaSCO is justly proud to be closely associated with specis 
these great aircraft manufacturers. Their choice of Back 
_ _Menasco Landing Gear reflects their conviction that 
they are the very best obtainable for all types of civil- 
and military aircraft. MeNasco Landing Gear is go. iet. 
adaptable to every kind of installation. 

_ The preference for MENASco Landing Gear to per- 
form the vital functions of takeoff and landing is § Prepa 
based upon a number of reasons... the exclusive Mar 
Uniwelding process assures greater strength... J Wide 
MENASCO designs utilize the most effective applica- The ti 
tion of high strength steels, aluminum and titanium for § author 
lighter weight and compactness. MENASCO assures re- ster 
liability and ruggedness through the highest standards 


of quality control and thorough operational testing. 
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Scope of JET PROPULSION 


Jet Propu.sion, the Journal of the American Rocket Society, is 
devoted to the advancement of the field of jet propulsion through the 
publication of original papers disclosing new knowledge and new de- 
velopments. The term “jet propulsion”’ as used herein is understood 
to embrace all engines that develop thrust by rearward discharge of a 
jet through a nozzle or duct; and thus it includes systems utilizing 
atmospheric air and underwater systems, as well as rocket engines. 

ET PROPULSION is open to contributions, either fundamental or ap- 
plied, dealing with specialized aspects of jet and rocket propulsion, 
such as fuels and propellants, combustion, heat transfer, high tem- 
perature materials, mechanical design analyses, flight mechanics of 
jet-propelled vehicles, astronautics, and so forth. Jet PRopuLsIoNn 
endeavors, also, to keep its subscribers informed of the affairs of the 
Society and of outstanding events in the rocket and jet propulsion 
field. 

Limitation of Responsibility 


Statements and opinions expressed in JET PROPULSION are to be 
understood as the individual expressions of the authors and do not 
necessarily reflect the views of the Editors or the Society. 


Subscription Rates 


One year for members (twelve monthly issues)........... 
One year for nonmembers (twelve monthly issues)........ 

oreign countries, additional postage............... add .50 
Special issues, single copies........ 


Change of Address 


Notices of change of address should be sent to the Secretary of the 
Society at least 30 days prior to the date of publication. 

Information for Authors 


Preparation of Manuscripts 


Manuscripts must be double spaced on one side of paper only with 
wide margins to allow for instructions to printer. Submit two copies: 
original and first carbon. Include a 100-200 word abstract of paper. 
The title of the paper should be brief to simplify indexing. The 
author’s name should be given without title, degree, or honor. A 
footnote on the first page should indicate the author’s position and 
affiliation. Include only essential illustrations, tables, and mathe- 
matics. References should be grouped at the end of the manuscript; 
footnotes are reserved for comments on the text. Use American 
Standard symbols and abbreviations published by the American 
Standards Association. Greek letters should be identified clearly for 
the printer. References should be given as follows: For Journal 
Articles: Authors, Title, Journal, Volume, Year, Page Numbers. 
For Books: Author, Title, Publisher, City, Edition, Year, Page 
Numbers. Line drawings must be made with India ink on white 
paper or tracing cloth. Lettering on drawings should be large 
enough to permit reduction to standard one-column width, except 
for unusually complex drawings where such reduction would be pro- 


hibitive. Photographs should be clear, glossy prints. Legends must 

accompany each illustration submitted and should be listed in order 

on a separate sheet of paper. = 


Security Clearan 


Manuscripts must be accompanied by written assurance as to 
security clearance in the event the subject matter of the manuscript 
is considered to lie in a classified area. Alternatively, written assur- 
ance that clearance is unnecessary should be submitted. Full respon- 
sibility for obtaining authoritative clearance rests with the author. 


Submission of Manuscripts 


Manuscripts should be submitted in duplicate to the Technical 
Editor, Martin Summerfield, Professor of Aeronautical Engineering, 
Princeton University, Princeton, N. J. 


Manuscripts Presented at ARS Meetings 


A manuscript submitted to the ARS Program Chairman and 
accepted for presentation at a national meeting will automatically 
be referred to the Editors for consideration for publication in Jet 
PROPULSION, unless a contrary request is made by the author. 


To Order Reprints 


Prices for reprints will be sent to the author with the galley proof, 
and orders should accompany the corrected galley when it is returned 
to the Assistant Editor. 
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The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1700 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under. contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers of U.S. citizen- 
ship. Inquiries now invited. 


JOB OPPORTUNITIES 


IN THESE FIELDS NOW 


In the development of guided missile 
systems, the Jet Propulsion Laboratory 
maintains a complete and broad respon- 
sibility. From the earliest conception to 
production engineering—from research 
and development in electronics, guidance, 
aerodynamics, structures and propulsion, 
through field testing problems and actual 
troop use, full technical responsibility rests 
with JPL engineers and scientists. 

The Laboratory is not only responsible for 
the missile system itself, including guid- 
ance, propulsion and airframe, but for all 
ground handling equipment necessary to 
insure acomplete tactical weapons system. 


_ Weapons Systems Responsibility 


One outstanding product of this type of 
systems responsibility is the ‘‘Corporal,’’ 
a highly accurate surface-to-surface ballis- 
tic missile. This weapon, developed by JPL, 
and now in production elsewhere, can be 
found ‘‘on active service’’ wherever needed 
in the American defense pattern. 

A prime attraction for scientists and 
engineers at JPL is the exceptional oppor- 
tunity provided for original research 
afforded by close integration with vital and 
forward-looking programs. The Laboratory 
now has important positions open for 
qualified applicants for such interesting 


and challenging activities. 


ELECTRONICS * PHYSICS * SYSTEMS ANALYSIS 
COMPUTER DEVELOPMENT * INSTRUMENTATION 
TELEMETERING AND MECHANICAL ENGINEERING » 


PASADENA 


PROPULSION LABORATORY 
A DIVISION OF CALIFORNIA 


INSTITUTE OF TECHNOLOGY 


DATA 
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This challenging job is now open! 


Test Equipment Engineer: Before his recent promo- 
tion, this man worked in Production Engineering — 
designing, developing, and applying test equipment 
for the varied servo units of bombing and naviga- 
tional systems. He analyzed test specifications, 
selected commercial equipment and originated test 
procedures and calibration specifications—all en- 
compassing techniques of advanced electronics, hy- 
draulics, magnetics and automation. He is shown 
here explaining the precision circuitry of an auto- 
matic potentiometer tester. Could you handle 
responsibilities like these? 


Excellent opportunities exist for engineers and scien- 
tists—not only in Production, but also in Components 
and Systems Engineering, Product Improvement, 
Manufacturing Engineering and Research, including 
Automation and Mechanized Equipment. 


Organized only 21 months ago, IBM Military Prod- _ divisions. Promotions open up frequently from con- 
tinuous growth. The “small group” approach as- 
sures recognition of individual merit. Salaries are 
excellent and company-paid benefits set standards 


ucts Division has grown enormously, opening up 
challenging career opportunities to engineers and 
scientists in all these fields: 


industry. 
Circuit Development Mechanical Design 
a> 


oP Where would you like to work for IBM? 


se addition to opportunities at IBM’s Military Prod- 
ucts facilities at Owego and Kingston, N. Y., limited 


Cost Estimating Physics 


Digital and Analog Systems © Power Supplies 


Electronic Packaging Programming 

* Reliability openings are available at many flight test bases and 

SAGE computer sites across the nation. Other IBM 

York City, Poughkeepsie, N. Y.; Washington, D.C.; 
Ind.; Lexington, Ky.; Rochester, Minn.; 


e Test Equipment 


Installation 


Sherman, Texas; Burlington, Vt.; San Jose, Calif. a 


® Mathematics e Transistors 


ta 
7 
At the new plant and laboratory in Owego, N. Y., For the facts about an engineering career with IBM : ; J 


IBM designs and manufactures advanced airborne Military Products Division, please write to: ie 
analog and digital computers for Air Force Mr. B. A. Whiteh 
bombing-navigational equipment. At the new Me t Dept. 45 Wood 
Kingston, N. Y., facilities, IBM builds the world’s 05 

part of our nation’s giant defense net. $3 7 j 590 Madison Avenue, New York 22, N. Y. 


As a member of IBM Military Products, you en- Ate 
joy the stability and security of the IBM Corpora- sade 
tion, plus the opportunity to progress in other IBM ad 


MILITARY 
PRODUCTS 


DATA PROCESSING ° ELECTRIC TYPEWRITERS * MILITARY PRODUCTS 
SPECIAL ENGINEERING PRODUCTS e TIME EQUIPMENT 
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..good sealin, 


When the problem of sealing is a part of design thinking the whole design is bound to 
be better. This is especially true of no-leakage sealing. When your designs require sealing 
... from —400° to +1000°... why not call in one of our field men. One of the 


O-seal” family*, may be the answer to save you time, money and effort. 


*—the O-Seal family: 
Lock-O-Seal® 

Gask-O-Seal ® 

Stot-O-Seal ® 
Bolt-O-Seal ® 

Riv-O-Seal “A A DIVISION OF PARKER APPLIANCE COMPANY 
Banj-O-Seal ‘sealing design specialist” 


Termin-O-Seal 
Culver City, California 
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PACKAGED HYDRAULIG™ aX. 


means complete compatability of 
components and the fésponsibility 
for design, manufacture and per- 
formance testing by a single re- 
sponsible source. Output is approx. 
2.5 equiv. hp; length approx. 14"; 
weight approx. 13.5 1b. 


As the rapidly-expanding missile program progresses, more 


systems with their optimum performance and _ reliability 


Box 213 « Seattle 4, 


R Ort HYORA 


N OE 


May 1957 


MINIATURIZED PISTON TYPE 
PUMPS are made in four size 
Unit shown packs 4.3 bp in 


VICKERS INCORPORATED 


and more applications are being found where Vickers DIVISION OF SPERRY RAND CORPORATION 
Hydraulics will be used to advantage. Vickers has miniatur- Aero Hydraulics Division 

ized components that can be integrated into system pack- Engineering, Sales and Service Offices: 
with tubing . . . manifolding 
gives no opportunity for leakage. These “packaged Detroit 32, Michigan Torrance, California — 


District Sales and Service Offices: 
are used to power missile control surfaces. Minimum space Albertson, Long Island, N. Y., 882 Willis Ave. * Arlington, Texas, P. O. 


and weight, easy installation and servicing are other D.C., 624-7 Wyatt Bldg. » | Service facilities: Miami Springs, 
° Florida, 641 De Soto Drive 
important advantages. Get in touch with the nearest office TELEGRAMS: Vickers WUX Detroit » TELETYPE: “ROY” 1149 * CABLE: Videt 


listed at the right for further information. The Sperry Gyroscope Co., Ltd.— Great West Road, Brentford, Middx., England 
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PACKAGED HYDRAULIC SYSTEM 
provides small envelope, reduced 
weight, minimum piping. and ‘‘plug- 
in” constriction fot easy installatio 
and Setvicing. Output is approx. 2. 
hp; tength approx..13%’; 
Weight approx. 19.5 tb. (in- 
cluding 


envelope. 1 kva package shown 
Weighs only 10.5 Ib. 


Washington, 623 8th Ave. South « Washington 5, 
Additiona 
OVERSEAS REPRESENTATIVE: 
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designed and produced for the 
UNITED STATES AIR FORCE 


airborne package: less than 0.01 cu ft MISSILE GUIDANCE 


Office of the Associate Director of Engineering 


Cubic Corporation San Diego 11, 


California 


JET PROPULSION 
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acquisition: automatic and omnidirectional | 
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Then we have an idea you'll be 
happiest at Firestone... 

where ideas are most likely to see 
the light of day and breathe the air 
of success. Here, too, you'll 
discover benefits and attitudes that 
inspire more ideas, more success. 


Ideas—and men with ideas— 

have kept Firestone at the top 

of the pioneers-in-progress list for 
57 years. You'll find stimulating 
projects in our Los Angeles 
development program for the 
Army’s Corporal...or an equally 
exciting challenge in the new 
Firestone Engineering Lab in idyllic 
Monterey — Carmel-by-the Sea. 

In both efforts, our research teams 
are staking out some important 
new Claims on history-making 
concepts in guided missiles 

and related fields. 


Here are just a few specific fields Bae 
where you as an ME could shine: 


Aerodynamics 
Structures Air Frame 
Stress Analysis 
Propulsion System & 
Component Design 
Materials & Process 


A man at Firestone has some good 
ideas on your future. Write him! 


Firestone 


GUIDED MISSILE DIVISION 


RESEARCH* DEVELOPMENT* MANUFACTURE 


‘Find your Future at Firestone’’~ Los Angeles + Monterey 


WRITE: SCIENTIFIC STAFF DIRECTOR, LOS ANGELES 5854, CALIF. 
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for Super-Precision 


New Departure ball bearings for highly sensitive instru- 
ments are so small . . . so super-precise . . . the tiniest 
speck of dust can adversely affect their performance. 
That’s why extreme cleanliness governs throughout the 
assembly and final inspection of every single New 
Departure instrument bearing. 


Such work is carried out in individual cabinets for each 
operation. Filtered, electronically cleaned air fed to 
each cabinet, flows outward to prevent the entrance of 
air-borne contaminants. In addition, the rooms in 
which the operations are performed are supplied with 
cleaned air that is pressurized to prevent inward 


flow at any entrance point. 


One “‘super-clean” area where vari- 
ous inspection and assembly oper- 
ations are performed under conditions 
bordering on surgical cleanliness. 


Catalog sent upon request 


New Departure Instrument Bearings are 
available in a wide range of types and tes 
sizes, including the extremely small miniature ee. é 
bearings of %” diameter and smaller. oS ae 


Torque testing instrument bearings in a 
“super-clean” area behind sterile shield. 


“WIDE WIDE WORLD” 
SUNDAYS—NBC-TV 


re BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e BRISTOL, CONN. 
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DOUGLAS ENGINEERS AND SCIENTISTS GO FURTHER... 


The finest talents and facilities in the in- 
dustry have earned an outstanding position 
for Douglas in the national missile program. 


You will become part of a team that has contrib- 
uted more to the research, design, development 
and production of missiles than any other group 
in the nation. 

You will work on projects that challenge the 
imagination... that stretch out far into the future 
... that let you plan a secure and rewarding career 
with Douglas. Many of these projects have their 
roots in the mid-forties and are still growing. 

Close coordination of missile and aircraft work 
provides an interchange of experience and knowl- 
edge among Douglas engineers and scientists. All 
plants are engaged in some phase of this missile 
program...making possible a broad choice of 
locations where you can work and establish living 
conditions suited to your taste. 
For complete information, write: 

E. C. KALIHER, 
MISSILES ENGINEERING PERSONNEL MANAGER, 


DOUGLAS AIRCRAFT COMPANY, BOX J-62O. 
SANTA MONICA, CALIFORNIA 


THIS IS NIKE HERCULES, 
1 surface-to-air missile 
»wly developed out of the 
iginal Nike system 
arted in 1945 — a major 
oject in the Douglas 
ssile program. 


DOUGLAS 


FIRST IN AVIATION 


At DOUGLAS in mi il = 
» your careerin missiles | 
is backed by sixteen ye f : 
and an ever-expanding future 
\ | 
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New Du Pont Lino-Writ 4 is TOUGHEST! 


Snap it, crinkle it, bend it—and Du Pont Lino-Writ 4 
springs back like new ... with its record intact! New 
Lino-Writ 4 owes its ruggedness to an all-rag paper 
base. And strength is only part of the story. 


Lino-Writ 4 is fastest ...the paper with the widest 
range: from 60 to 5,000 cps. 


Lino-Writ 4 is thinnest . .. 20% thinner than previous 
extra-thin Du Pont paper; permits splice-free rolls in a 
standard magazine; translucence enables you to dupli- 
cate records in standard reproduction equipment. 


Lino-Writ 4 is whitest... 
without special processing. 


Lino-Writ 4 is the latest addition to our family of 
photorecording papers: regular Lino-Writ 1; medium 
Lino-Writ 2; high-speed Lino-Writ 3. All Lino-Writ 
papers take pencil and ink markings well, including 
ball-point pens. 


FOR FURTHER INFORMATION on Du Pont photorecord- 
ing papers and processing chemicals, call Western 
Union Operator 25, who will give you the name, 
address and telephone number of your nearest dealer. 


E. I. DU PONT DE NEMOURS & CO. (INC.) PHOTO PRODUCTS DEPARTMENT 
Wilmington 98, Delaware ’ 
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“STAR JUGGLER,” a new 
interpretation by Simpson- 
Middleman, painters of the 
meanings of science. ‘We began 
to portray a suf as a stationary 
nucleus of a cosmic atomic 
system,” recounts this 
imaginative team of artists, 
“but as the work progressed, 
there emerged a sense of 
movement, a suggestion of a sun 
swinging planets through space 
until they approached the stars 
in brilliance.”’ Painting courtesy 
of John Heller Gallery, Inc. 


You'll find an extraordinary future at Boeing 


If you are impatient with ordinary achievement, you'll feel right at home at Boeing. 
For here you'll work with engineers and scientists whose habitual custom it is to push toward 
the future in giant steps. To cite just two examples: the Boeing 707 jet airliner, 


which at a stroke cuts commercial flight schedules in half, bringing the Pacific and Lae 
Atlantic coasts within four hours of each other; and the Boeing B-52, which reduced the as 
dimensions of the earth to a nonstop flight time of 45 hours, 19 minutes. bane 


Today Boeing engineers invite you to join them on projects that open out onto the still more 
extraordinary vistas of the future: advanced supersonic aircraft and guided missiles, 

electronic and inertial guidance, chemical fuel propulsion. t 
There are openings at Boeing now for engineers of ALL categories, oil for physicists 
and mathematicians. You'll find the future— 
your future—at Boeing, today! 


a 
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SM ET ENGI 
CHAMPION WEIGHT LIFTERS 


An entirely new family of aircraft will evolve from a new family of small lightweight 
jet engines now under development at the Fairchild Engine Division. These new power- 
plants will feature incredibly high thrusts and great lifting power...yet will be so light 
they can easily be carried by two men. 2 

Highly compact, with low frontal areas, the small jet engines will deliver thrust/weight 
ratios starting at 8 to 1 with a long range potential of more than 10 to 1. They will be 
used in the high performance, lightweight trainers, interceptors, target drones, pilotless 
aircraft including missiles and intermediate class passenger and cargo jets of the nine- 
teen sixties. They will also be used to power fighters and utility cargo craft, executive 
aircraft ...and will make jet Short Take Off and Landing (STOL) and Vertical Take 
Off and Landing (VTOL) aircraft practical. 

The small jet engine may be used singly, in pairs and in clusters. It provides multi- 
engine reliability in aircraft of a size now wholly dependent on a single engine. The 
small jet engine will produce greater versatility and utility in airplanes of tomorrow. 


NES. 
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COMPARISON OF LIFTING CAPACITY OF POWER SYSTEMS ~ 


How the new family of Fairchild Small Jet Engines neue 
compare with other mechanical lifting systems. = = 
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TURBOROTOR 
ENGINE 


ASSY. 
(HELICOPTER) 


TURBOJETS 


CONVENTIONAL 
PISTON-ROTOR 


ENGINE ASSY. 
(HELICOPTERS) 


TURBOPROP 
ENGINE 


CURRENT 
TURBOJETS 


CONVENTIONAL 
PISTON-PROP | 
ENGINE | 
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The extensive research fa- 
cilities at Fairchild Engine 


Division have been de- 

FAIRCHILD 
formance of the small jet 

ENGINE DIVISION 


chambers to supersonic 

research for component DEER PARK, LONG ISLAND, N. Y. 

design. Fairchild Engine 

Division has spent'a dec- A DIVISION OF FAIRCHILD ENGINE AND AIRPLANE CORPORATION 
ade in the design, devel- 


opment and production of 
small, powerful jet engines. »»» WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS! 
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Rigidity! At equal weight, magnesium 


Magnesium’s unique combination of strength and light 
weight gives it some outstanding abilities as a structural 
metal. Take rigidity, for example. A magnesium bar has 
22% the stiffness of a steel bar of the same dimensions. 


But stiffness increases as the cube of section thickness. So, if 
thickness of the magnesium is increased to twice that of the 
steel, the magnesium bar will be over 70% more rigid—yet 
weigh only half as much. And if thickness is further increased 
until the bars are of equal weight, the magnesium bar will be 
1878%—or over 18 times—more rigid! 


3 


is 18 times stiffer than steel 


Similarly, a magnesium bar of equal rigidity to an aluminum 
bar will weigh only 75% as much as the aluminum bar. At 
equal weight, the magnesium bar will be over twice as stiff. 


From these facts it’s easy to see that magnesium can do a 
structural job equal to or better than steel and aluminum— 
and with appreciable savings in weight—whenever it’s prac- 
tical to increase section thickness. For more information 
contact the nearest Dow sales office or write to us. THE 
DOW CHEMICAL COMPANY, Midland, Michigan, Magnesium 
Department, MA 1402F. 
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ENGINEERS... 


Would you like to learn how the “MAC Engincer” 
lives and plays? This pamphlet contains color _ 
pictures of typical middle-income homes in 
suburban St. Louis, and actual figures of cost, | 
taxes, and utilities. With each home are 

pictures of nearby public schools. Also, cost 
comparisons are made with other areas concerning 
general cost of living, state gasoline tax, and 

state income tax. A two-year weather 
picture is included. 


7 
We have not attempted to describe the “hospitable 
nature” of our neighbors. We hope you and your 
family will discover this for yourselves. 


To secure this attractive four-color brochure, 
complete and mail the coupon below. 


MACareers Are Successful Careers! 


Mail to: 

R. F. KALETTA 

Technical Placement Supv. 

P.O. Box 516, St. Louis 3, Missouri 
Please send me your pamphlet, ‘St. Louis, A Good Place 
To Live And Raise A Family!"’ 


Name 
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The growing importance of 
DIGITAL TECHNIQUES 


As recently as ten years ago it was just becoming 
evident that digital techniques in electronics were 
destined to create a new and rapidly growing field. 
Today, incorporated in electronic computers and 
other equipment, they constitute one of the most sig- 
nificant developments in scientific computation, in 
electronic data processing for business and industry, 
and in electronic control systems for the military. In 
the near future they are expected to become a major 
new factor in industrial process control systems. 


The digital computer for scientific computation is 
becoming commonplace in research and development 
laboratories. Such machines range from small spe- 
cialized units costing a few thousand dollars, to large 
general purpose computers costing over a million 
dollars. One of these large computers is a part of the 
Ramo-Wooldridge Computing Center, and a second 
such unit will be installed the latter part of this year. 
The digital computer has not only lightened the com- 
putation load for scientists and engineers, but has 
made possible many calculations which previously 
were impracticable. Such computers have played a 
major role in the modern systems engineering 
approach to complex problems. 


Electronic data processing for business and industry 
is now well under way, based on earlier developments 
in electronic computers. Data processors have much 


in common with computers, including the utilization 
of digital techniques. In this field, teams of Ramo- 
Wooldridge specialists are providing consulting serv- 
ices to a variety of clients on the application of data 
processing equipment to their problems. 


The use of digital techniques in military control 
systems is an accomplished fact. Modern interceptor 
aircraft, for example, use digital fire control systems. 
A number of Ramo-Wooldridge scientists and engi- 
neers have pioneered in this field, and the photograph 
above shows a part of an R-W-developed airborne 
digital computer. 


These, then, are some of the aspects of the rapid 
growth which is taking place in the field of digital 
techniques. Scientists and engineers with experience 
in this field are invited to explore openings at The 
Ramo-Wooldridge Corporation in: 


Automation and Data Processing 

Digital Computers and Control Systems a) 
Airborne Electronic and Control Systems 

Guided Missile Research and Development 
Electronic Instrumentation and Test Equipment 
Communication Systems 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET + LOS ANGELES 45, CALIFORNIA 
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=a Theoretical Considerations on Performance 
Characteristics of Solar Furnaces’ 
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Stanford Research Institute, Menlo Park, Calif. oo 
POL DUWEZ 
California Institute of Technology, Pasadena, Calif. 
a 
The theoretical factors affecting the performance of the Pa = actual flux per unit area received at furnace site pa = naPo— 


parabolic-type solar furnace are discussed. Calculations 


(cal/min/sq em) 


of the heat flux and the maximum temperature obtainable un = total power or flux passing through the sun image 
at the focus are presented for furnaces of different diame- P’ = total power OF flux absorbed at the sun Image = 
Tie analysis ta extended to the Pp = flux received per unit area within the sun image at the 

Ss 
results indicate that a paraboloid of relatively low quality C = concentration ratio: = p/nPa = P/nanrPo 
is capable of achieving temperatures over 2000 K. On the N = concentration og ratio of the total flux received — 
other hand, a research furnace capable of attaining tem- within the sun image to the total flux which is received 
peratures in the range of 3600 to 4200 K would have to have by the parabolic mirror 
a paraboloid of very high quality. > 2 absorptivity coefficient 

7 € = emissivity coefficient 


Introduction 


N THE course of an investigation into the feasibility " 


adapting a solar furnace for high temperature research on 
materials, it beeame apparent that a more basic understanding 
of the factors affecting its performance was necessary. There- 
fore, a theoretical analysis of its operation was undertaken to 
assist in predicting maximum attainable temperatures and 
heat fluxes for proposed solar furnaces, and to allow the 
evaluation of the performance characteristics of existing fur- 
naces. The present paper isa report of thiswork. 


Nomenclature 


f = focal length of the paraboloid 

D = diameter of the paraboloid at the edge 

d = diameter of the circular image (sun image) in the focal 
plane produced by the central portion of the parabolic 
mirror 

@ = angular aperture or rim angle of a parabolic reflector; angle 
between the axis and the line joining the focus to the 
edge of the paraboloid 


Po = solar constant measured above the atmosphere, 2 cal/min/ 
sq cm 

na = fraction of ideal solar constant which is available at the 
furnace site, taking into account losses through the at- 
mosphere 


reflectivity efficiency factor taking into account losses by 
reflectivity or absorptivity of the optical parts of the 
furnace 
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= index of geometrical perfection of a parabolic reflector; 
this index is given by the ratio of the actual measured — 
flux within the sun image to the theoretical flux com- 
puted on the assumption that the paraboloid is geo- 
metrically perfect 


General Discussion of the Parabolic-Type Solar 
Furnace 


The most common type of solar furnace makes use of a re- 
flecting parabolic mirror. When a parallel beam of light is re- 
ceived by such a mirror in a direction parallel to its axis, all 
the rays converge to the focal point of the paraboloid. Since 
the earth-to-sun distance is not infinite, the sun rays are not 
parallel, and the sun appears as a circular disk subtending an 
angle of about 32 min of are.’ For each point of the mirror, 
the incident and therefore the reflected beams are not single 
beams but cones with an apex angle of 32 min. When the 
axis of the paraboloid’ is pointed toward the sun, the axis of 
the incident cone is parallel to the axis of the paraboloid, and 
the axis of the reflected cone passes through the focal point 
(see Fig. 1). 

In order to obtain a sharp image of an object such as the 
sun or the moon, the parabolic mirror must have a long focal 
length with respect to its diameter. In Fig. 1 only the part of 
the mirror at the axis will form a circular image on a plane nor- 
mal to the axis of the focus. The term “sun image’’ will be 
used to refer to this circular image. The reflected cones from 
other parts of the mirror will form ellipses since their axes 

6 In the discussion to follow it will be assumed that this disk 
contributes to the flux uniformly over the entire surface. In 
actuality, the black body temperature is greater at the center and 
therefore. it contributes more there than at the edges. Asa result 
the flux in the sun image will not be quite uniform although it will 
average out as the calculated value. 


’ The terms paraboloid and parabolic mirror will be used inter- 
changeably in this report. on) 
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cut the focal plane at angles other than 90 deg. The diameter 
d of the sun image depends only on the focal length f and is 
given by the simple formula 


a In the construction of solar furnaces, the reflecting para- 
boloid should have the largest diameter which is practical with 
respect to its focal length, when the purpose is to collect as 
much as possible of the incident radiation and concentrate it 
into the smallest possible area, i.e., the sun image in the focal 
plane. The various factors limiting the degree of concentra- 
tion of energy and consequently limiting the maximum at- 
tainable temperature are discussed in detail in this report. 
Some of these factors have been considered previously by 
Trombe (4),8 Cabannes (1) and Farber (2) and their co- 
workers. 


Maximum Heat Flux at the Focus 


Referring to Fig. 1, a cone of rays falling on an element of 
the parabolic mirror at point B is reflected as a cone having 
the same angle as that for the subtended sun, or about 32 min 
of arc. If @ is the angle AFB, it is apparent that the angle of 
incidence of the axis of the cone with the normal on the ele- 
ment of the mirror at B is 6/2. The intersection of the re- 
flected cone with the focal plane is then an ellipse. The major 
axis of the ellipse increases with the azimuthal angle 6 and 
with p of the mirror element, and the minor axis increases 
directly with p.° This means that the outer portions of the 
mirror cast longer and wider ellipses around the sun image. 
The energy per unit time which is concentrated within the 
sun image area will be called the power. This power can be 
obtained by integrating the contributions of all the elements 
of the mirror over its entire surface. Only a fraction of the 
power reflected by a circular ring element of differential width 
at an azimuthal angle 6 and a distance p away from the focal 
point falls within the area of the sun image. This fraction is 
the ratio between the area of the sun image (f/214.6)? and 
the area of the ellipse resulting from the intersection of the 
cone originating at a point of azimuthal angle 6 with the focal 
plane, namely 2(p/214.6)? (1/cos Hence the contribution 
of a ring at azimuthal angle @ to the area of the sun image is 
(f/p)? cos 6. The power reflected from a ring element of area 
AS is equal to the product of the solar constant p, and the re- 
duced area of the ring element corresponding to normal inci- 
dence AS cos (6/2), or p, AS cos (6/2). The solar constant p, 
is defined as the total solar radiation at normal incidence out- 
side the atmosphere and has a value of about 2 cal/min/sq 
em (3). The power contributed from the ring element to the 
sun image is therefore 


AS = 2mp sin 6[(Ap)? + 


8’ Numbers in parentheses indicate References at end of paper. 
® Speaking exactly, the major semi-axis is given by - 


(aia) ») x 


[3 sin (90° — 16’) sin (90° + 16’) / (3 2) 
(sin (90° + 16’ — @) sin (90° — 16’ — @)\ 2 : 
The term in brackets is essentially unity at low values of 0, be- 
coming 1.01 at a @ of about 87.5 deg. The minor axis has an even 
smaller error than this. 
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The area of a concentric ring is ae 


AXIS OF 
PARABOLOID: 


Parabolic mirror with incident cone of rays being reflected 
to focal plane 


Fig. 1 


From the geometry of the parabola 


6 
6 
Combining Equations [2 and 3] and changing from dif- 
ferences to differentials 


dP = 2xp.f? sin [4 


This expression is the power contributed to the sun image 
area by a differential ring at azimuthal angle 6. For the en- 
tire mirror, the total power within the sun image is obtained 
by integrating Equation [4]. Assuming that the central por- 
tion of the mirror up to an azimuthal angle equal to 6, does 
not reflect any rays” and that the maximum angular aperture 
of the mirror is 62, the total available power passing through 
the sun image is given by 


P = rp.f? (sin? @ — sin? ™,)......... 
If = 0 and & = 8, this expression becomes 


P = zp,f? sin? 6.......... 


Wry 
[6] 


so that Equations [5a] can also be written as a difference in 
terms of Equation [6] 
P, — P, = mp.f? sin? 0. — rp.f? sin? ..... [5b] 


In the derivation of Equations [5, 6],it has been assumed 


that all of the energy available before passing through the 
7 atmosphere is received by the mirror and is reflected without 


loss. This is, of course, practically impossible, and the power 
given by Equation [5 or 6] must be multiplied by a reflectivity 
factor less than unity which is characteristic of the materia] 
from which the reflecting surface is made and by an absorp- 
tion factor. If the furnace has several reflecting surfaces 
(such as the case in which a flat mirror is used for tracking the 
sun) or has a combination of lenses and reflecting mirrors, a 
single coefficient less than unity may be used to take all the 


10 This is generally the case since, when an object is placed at 
the focus, it casts a shadow on the mirror. 
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refractive or reflective losses into account. This coefficient 
will be designated by 7,. 

The other factor na will be used to represent the fraction of 
the solar constant which is available at the furnace site. Thus 
the actual flux received at the furnace site p. is equal to napo, 
where 7. takes into account losses due to atmospheric absorp- 
tion and scattering.!! With these efficiency factors, Equa- 
tions [5, 6] may be written 


= — sin? (71 


and 


Equations [7, 8] represent what might be called the 
potentially available power passing through the sun image at 
the focus. When the radiation is to be used for heating a solid 
body, both the shape and the absorptivity (or reflectivity) of 
this body will determine how much of the potentially available 
energy is absorbed by the solid. 

In discussing solar furnace performances it is more useful 
to consider the heat flux per unit area rather than the flux 
within the sun image, since this quantity is independent of the 
size of the image. The heat flux or power per unit area, 
designated by p, is readily obtained since it is known that the 
sin image area is 4(f/214.6)?._ From Equation [8] the heat 
flux per unit area within the sun image is given by 


P = NaNrPo 214.6)? sin? 6 


nan 


= 46.1 X sin? 0... .......... [9] 


Concentration Ratio 


The concentration ratio is defined as the ratio of the heat 
flux at the sun image of a sun furnace to the actual flux re- 
ceived from the sun on the earth at normal incidence after re- 
flection, both per unit area. The concentration ratio is thus 
the number by which the actual flux at the furnace site pa, 
corrected for reflectivity losses, must be multiplied in order to 
obtain the flux at the sun image, and is a function of the mirror 
geometry alone. 


From Equation [9] the concentration ratio which is 
P/NrPa OF P/NaNrPo is given by 
C= = 46.1 X 10? sin? 0........... [10] 
NaNrPo 
Obviously the concentration ratio obtainable with a 


parabolic mirror increases with the aperture ratio (diameter 
over focal length). 


Concentration Efficiency 


Another useful parameter in evaluating the performance of 

a solar furnace is the concentration efficiency nc. This ef- 

ficiency is defined as the ratio of the power received within 

the sun image area to the total power reflected by the para- 
bolic mirror. The concentration efficiency ne is thus 


D?/4) 


Substituting Equation [8] for the total power received by 
the sun image and ap, for pa, nc becomes 


11 It is important to mention here that the solar radiation of in- 
terest in solar furnace operation is the direct solar radiation re- 
ceived at normal incidence, without the diffused, so-called ‘sky 
radiation.” 
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Fig. 2 Concentration ratio and concentration efficiency as a 
function of rim angle and diameter-focal length ratio for a para- 
bolic solar furnace 


_ FNaNrPof? sin® 
D?/4) 


or 


Curves showing the variation of concentration ratio and 
concentration efficiency with the azimuthal angle of the rim of 
the paraboloid and with the aperture ratio are given in Fig. 2 
The rel: ationship between the aperture ratio and azimuth: al 
angle is given by 


* D 4 sin 0 i 


— As f 1 + cos 6 


Maximum Attainable Temperature 


In order to speak about the temperature at the sun image 
of a solar furnace, it is necessary to describe the conditions — 
under which this temperature is being created due to the — : 
presence of some kind of a solid body absorbing the radiation. a 

In the case of a cavity having an opening equal to that of 
the sun image, all of the flux will be used to raise the tem- _ 
perature inside the cavity. In this case the absorptivity co-- 
efficient a is considered to be unity and independent of 6. 
Equations [7, 8] therefore give the usable power in the case of — 


a cavity. 
When a flat plate is placed in the focal plane the absorp-— 
tivity coefficient of the flat plate a must be taken into account. © : 


In this case a may be a constant less than unity, independent 
of 6. More often, however, a is some function of the a 
angle of radiation 6. For a number of materials @ is prac-_ D 
tically a constant for values of @ up to 60 deg and then de-— 
creases with increasing @. In addition to considering il 
general case where a = a@,F(6), the special case where a = 
an cos 6 will be treated in this report although no actual ma- 
terials are known to have this exact behavior; a, is the ab- 
sorptivity coefficient for normal incidence. 

For the general case where a = a, (6), and introducing the 
factors n. and 7, to correct for atmospheric absorption and 
reflectivity losses, Equation [4] must be rewritten as 


dP! = sin cos Od8........ [12] 
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where the prime inuianition. indic ates absorbed power rather 
than available power. By integrating between 6, and @, the 
total absorbed power within the sun image is given by 


62 
P' = |, F(@) sin cos 6 d@..... [13] 


For the special case where a = a@, cos 9, Equation [12] must 
be rewritten as follows 


dP’ = sin cos? 6 dO.......... [14] 


By integrating this equation between 6, and @, the total ab- 
sorbed power within the sun image is given by 


2 
P’ = (cos* 6, — cos® 62)........ [15] 
This relation simplifies to 


P’ = 


3 — cos?O)........... [16] 


in the case where 6, = 0 and @ = 9. 
The flux absorbed per unit area within the sun image for a 
flat plate where a = a,F(@), from Equation [13] is given by 


3 


= 92.2 X f, F(6) sin cos . |17] 
1 


s 
Il 


and for a flat plate where a = a, cos 0, from Equation [16] by 


‘ 


= 30.7 X — cos? 


order to calculate the maximum attainable temperature, 
it is also necessary to know the conditions under which the 
flux is emitted by a body. Consider an element of solid sur- 
face dS placed at the sun image and perpendicular to the fur- 
nace axis. When equilibrium is reached, and assuming that 
there is no heat loss by conduction through the solid body or 
by convection away from the body, the net radiation loss of 
the element is equal to the heat flux received by the element. 
Before equating these two heat fluxes, it is necessary to com- 
pute the flux emitted by a solid body at the focus. Referring 
to Fig. 3, the flux radiation in a given direction 9 per unit 
area of source is denoted by dg. The radiation intensity 7 is 
defined as the flux radiation per unit solid angle dw, or 7 
= dq/dw. The radiation intensity for a black body of unit 
area is given by the Lambert cosine law as 


where 2, is the radiation intensity normal to the radiating 
surface, and cos 6 is the effective radiating area normal to the 
direction 9. The total heat radiated in all directions per unit 
area of surface per unit time, or the emissive power, for a 
black body is given by 


ict 


Fig. 3. Radiation intensity normal to the radiating surface in a 
given direction @ 


where ¢ is the emissivity of the material and may be a function 
of 6. 

The total heat radiation for a black body, given by Equ:- 
tion [21], is also equal to oT,,4, where o is the Stefan-Boltz- 
mann constant and T’,, is the temperature of the body; thus 


= = OT 


When the emissivity of the radiating body varies with @, 
Equation [20] must be modified using the relationship e = 
ee, in order to obtain the total emissive power. 

Thus, for any radiating body 


° 
g 


For a body following the general equation € = €,/(@) in 
which e€, is the emissivity normal to the radiating surface, the 
emissive power becomes 

e= f inn COS 6 dw 
over hemisphere 
= 


e= 26.07»! | 
0 


For the special case where € = €, cos 6, the emissive power is 
given as 


or 


F(0) cos 6 sin [25] 


f €, cos cos 6 dw 
over hemisphere 


x/2 
= cos? sin 6 dé os 


or 


It is now possible to write equations expressing the steady- 
state condition that the heat flux absorbed by the solid body 


amit Sah % eas f ae [20] at the sun image is equal to the flux emitted by the body. 
ibe «: 7 over hemisphere Assuming that the body loses heat only by radiation and 
or ptt ae radiates to a surrounding temperature 7’,, and making use of 
x/2 a result of Kirchhoff’s law that a = e, this heat balance is ex- 
= cos sin 6 d pressed as follows 


510 


where 


p = 46.1 X 10°nan,-p. sin? 0 
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Fig. 4 Maximum temperature as a function of rim angle and 
diameter-focal length ratio for a parabolic solar furnace 


For a flat receiver with an emissivity law of the general type 
= €,F(6): 
= 2e, 

' 


sin 6 — 7T,')o 
p’ = 92.2 X 108 nanrpoa, ff, sin 


F(@) cos 6 


(T m4 


where 


For a flat receiver following € = €, cos 0: - 


= - €,0(7,' — 


where 


= 30.7 X — 


Since the temperature of the receiver is generally very high 
compared with the ambient temperature, 7,4 can be neglected 
us being very small compared with Tn! and the three equa- 
tions above become 


For a cavity where € = 1: 


For emissivity € = €,/'(@): 
For emissivity € = €, cos 0: 


It is interesting to express the ratio p,/o in Equations 
|27-29] in terms of the temperature of the sun. The power 
radiated by the sun which has a radius R, and a surface tem- 
perature 7’, is 4rR,2oT,4. The solar power flowing through 
a spherical surface 47R,? concentric with the sun is 47F,2p,, 
R, being the distance between the earth and sun. Equating 
these two solar powers, one obtains 


= 


and hence 


By using the known value of R,/R, or by using pp = 2 
cal/min/sq em and 7’, = 5800 K (3) 
o R, 14.65 
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Fig. 4. 


the mirror was assumed to be 100 per cent, the paraboloid 


; jected to the same radiant energy within a cone angle of 26, 


Combining Equation [30] with Equations [27, 28, 29], the 
maximum attainable temperatures in a solar furnace are given 
by the following equations. 


For a cavity where € = 1: 


7 
14 65°" ” 
or 


For emissivity € = €,/ (6): 

F(@) sin 6 cos 6 dé 
T.| 

F (8) sin 8 cox 80 


ha 
For emissivity € = 


€, cos 6: 


Tm = 1 — [33] 


Computations have been carried out using Equations [31b, 
33], taking 7. = | and yn, = 1. Curves showing the maximum 
temperature attainable in a parabolic furnace for the two 
types of receivers as a function of rim angle @ are presented in 
Equation [32] also could be used to calculate 7’, 
providing the function F(6) can be defined. 

A few remarks concerning the curves of Fig. 4 are in order. 


First, it might be surprising that for a parabolic mirror of rim 


angle equal to 90 deg a temperature equal to that of the sun 
can be reached. This result is a consequence of the fact that 
all conditions were idealized in the derivation of the formulas, 
The solar constant was taken equal to 2 cal/min/sq em (which 
is the value measured in the stratosphere), the reflectivity of 
was assumed to be optically perfect, and finally the body 
placed at the focus was taken as an ideal thermal insulator. 
The assumption that the test specimen at the focus does not 
lose any heat through conduction or convection has little to 
do with the furnace itself and is a common problem in all 
types of calorimetric and temperature studies. The optical 
imperfections of the parabolic mirror will be reflected in the 
concentration efficiency and hence in the concentration ratio. 
In other words, the concentration efficiency and concentration — 


ratio for actual furnaces will be represented by curves lving _ 


below those shown in Fig. 2. These curves can be obtained — 
from experimental data only, and very few measurements — 
have been made on existing solar furnaces and permit only an — 
approximate picture of their performances. The two other — 
factors responsible for lower temperatures than those given — 
by the curves in Fig. 4 are the fraction of the ideal solar con-_ 
stant which is available at the furnace site, 7., and the re-— 
flectivity of the mirror, 7. 


Comparison Between Cavity and Flat Plate Receivers 


As mena in Fig. 4, a black body and a flat plate receiver, 
where € = €, cos 0, reach the same maximum temperature if _ 
the rim aes of the furnace is 90 deg and under ideal condi- 
tions. It is interesting to note that when the rim angle is 
smaller than 90 deg the temperature reached by the flat plate 
receiver is higher than that of a cavity. Physically, this result 
may be explained as follows. In a cavity receiving the radia- 

- tion over a cone angle of 26, the radiation emitted by the 
cavity is the same in all directions over a cone angle of 180 deg, 
as shown schematically in Fig. 5(a). For a flat plate sub- 


the emitted radiation varies as shown Fig. 5(b) when 
€ = €, cos 8. Obviously the radiation losses through space 
outside of the cone of incident radiation are less for the flat 
plate than for the cavity. 

Some general statements can be made in comparing the 
maximum temperatures of a cavity and a flat plate receiver 
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<4 Effect of the Quality of the Reflecting Mirror 


(b) FLAT PLATE RECEIVER 
(where € =€, cos @) = 


(a) CAVITY RECEIVER 
(where € =1) 


which would obey a general emissivity law of the type « = 
ef (6). First, Equation [32] shows that the maximum tem- 
perature obtainable on the receiver is independent of the 
emissivity coefficient ¢, in the normal direction. Second, if 
the emissivity of the receiver decreases with increasing angle 
6; i.e., if F(@) decreases with 0, the flat plate receiver tempera- 
ture is higher than that of the cavity. The contary is true if 
the emissivity increases with 9. 


In the preceding sections it was assumed that the parabolic 
surface reflecting the sun rays was a geometrically perfect 
paraboloid. This is of course impossible to obtain, and the 
performances of any solar furnace will be less than those 
shown by the curves of Figs. 2 and 4. The geometrical im- 
perfection of a parabolic mirror, i.e., unevenness of the mirror 
surface and its deviation from the correct profile, will reduce 
the actual concentration of the heat flux at the sun image. 
The index of geometrical perfection of a parabolic mirror 7 
may be defined as the quotient of the actual concentration 
ratio to the theoretical concentration ratio, i.e. 


actual 


( theo etical 


The value of y can be estimated either by measurements of 
maximum temperature, if losses due to conduction and con- 
vection are slight, or by measurements of heat flux in a cavity 
at the sun image. 

If the actual maximum temperature 7’, a-tua1 is measured, 
the value of y may be obtained as follows. Using Equation 
[31a], the following relationship is obtained between the 
actual temperature 7’, sctuai and the actual concentration 


ratio Ca-tua 
ac a 4 1 
Cactual = (1465 


The theoretical concentration ratio for a parabolic mirror of 


run angle 6 given by Equation [10] is 


Ctheoretiea’ = 46.1 X 103 sin? 


Hence 


1 


T'm actual >. 
Cactus 


46.1 X 10° sin? 6 


actual 1 
Ts ) NaNr sin? 6 [36] 


3 Fig.5 Comparison between cavity and flat plate receivers ¢.) in 


INDEX OF GEOMETRICAL PERFECTION y 


For example, consider a parabolic mirror with a rim angle of 
60 deg and having a reflectivity of 0.85. If such a furnace 
produces a 4000 K cavity temperature'’® at the sun image 
when the solar radiation at the furnace site is 0.80 of solar 
constant, the index of geometrical perfection of the parabolic 


mirror is 
= 44% 7 


1f the actual heat flux within the sun image is measured, in- 
stead of the temperature, the value of y can be evaluated «s 


(0.85 X 0.8) 


follows. The actual flow is related to the ac aoe cone entratir mn 
ratio by the equation 


Pactual = NaNrPoC actual — 
and the theoretical heat flux is given by 


Ptheoretical = NaNrPoC theoretical = NaNrPo 46.1 X 103 sin? 6 


Hence 
Ptheoretical NaNrPo 46.1 xX 10% sin? 6 


92.2 X sin? 6 


_ From the point of view of determining the index of geomet- 
rical perfection of a parabolic mirror, Equations [36, 37] in- 
dicate that the method based on the heat flux measurement 
will result in a more accurate value of y than that based on the 
maximum temperature measurement. Error in the tempera- 
ture measurement will be magnified four times in the calculated 
value of the index of the geometrical perfection, while error in 
the heat flux measurement will be only directly reflected in the 
calculated value of y. Equations [36, 37] show that for « 
given rim angle @ of a parabolic mirror and a given 7. and 7,. 
i.e., a known reduction in the solar constant and a known re- 
flectivity of the parabolic mirror, the maximum actual tem- 
perature in a cavity is proportional to y'/* and the actual 
heat flux received by a cavity is proportional to y. 


12 The temperature of 4000 K may be considered as attainable 
in a solar furnace, although no reliable report has been made of 
any solar furnace in which such temperature has been reached. 
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Fig. 6 Actual maximum temperature and heat flux in a cavity as 
a function of the index of geometrical perfection 
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A graphical representation of the variation of 7T'm actuat and 
Pactuat With the index of geometrical perfection for a parabolic 
f irnace operated under the conditions of reflectivity and solar 
transmission given in the example above is shown in Fig. 6. 
The temperature increases very rapidly with the index of 
geometrical perfection as expected from the 7 law, while the 
heat flux increases linearly. As an example, a furnace with an 
index of geometrical perfection of 0.5 (which from a practical 
standpoint is probably an excellent paraboloid) would give 84 
per cent of the theoretically attainable temperature of a per- 
fect paraboloid, but the flux would reach only 50 per cent of 
the theoretical value. A furnace designed for maximum flux 
must therefore be much more accurately built than one in- 
tended for high temperature research only. 


Factors Affecting Furnace Performance 


The preceding discussion has indicated that three general 
types of factors affect the maximum temperature (or flux) 
that a solar furnace can achieve. All of these factors must be 
taken into account in any furnace design. 

The first type is related to the optical geometry of the 
mirror, i.e., the aperture and focal length. Once these are 
chosen, then, regardless of the mirror location and construc- 
tion, the image diameter, concentration ratio (or concentration 
efliciency) and the ideal maximum image flux and temperature 
are determined. 

The second type includes those factors that reduce the per- 
formance of the furnace because of inefficiencies related to its 
construction and location. These are the atmospheric trans- 
mission coefficient (which includes the effects of site longi- 
tude, elevation and weather), the reflectivity coefficient, and 
the index of geometrical perfection of the paraboloid. 

The last type involves those inefficiencies that the furnace 
target introduces. These would include the emissivity or 
absorptivity of the sample and the heat losses from the target 
hy convection and conduction. 


CIT Lens-Type Solar Furnace » 


The solar furnace at the California Institute of Technology 
is of the lens type. Nineteen lenses, 2 ft in diam with their 
axes pointed toward the sun, collect the energy over a total 
area of approximately 57 sq ft. These lenses are arranged in 
a hexagonal, close-packed array with one lens in the center, 
surrounded by six, and then twelve surrounding the central 
seven. Since all the images are to be superimposed, it is neces- 
sary to arrange a series of nineteen secondary lenses on a 
hemisphere centered at the focal point. The sun’s converging 
rays are then brought to these lenses by eighteen oblique mir- 
rors. The rays collected by the central lens do not have to be 
deflected, so do not require a mirror. The size of the sun’s 
image in the focal plane, i.e., the equatorial plane of the 
hemisphere, is 0.5 in. indiam. The furnace is mounted like an 
astronomical telescope, with rotation around the earth axis 
and a declination axis. The focal point of the furnace is at 
the intersection of these two axes, so it remains fixed with re- 
spect to the ground when the furnace is tracking the sun. 
This tracking is achieved through a conventional astronomical 
drive and is automatic once the furnace has been pointed at 
the sun manually. 


Concentration Efficiency 
ria 


The concentration efficiency of the furnace, for a cavity re- 
ceiver with an opening equal to the sun image, may be com- 
puted by adding up to the contributions of all lenses. As 
shown in Fig. 7, the nineteen secondary lenses are of four types, 
one center lens with @ = 0, six inner lenses with 6, = 46.2 deg, 
six of twelve outer lenses with 6, = 67.3 deg and six of the 
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¥ Fig. 7 Diagram showing arrangement of 
4 


SIX INNER LENSES 


SIX OF TWELVE, 
OUTER LENSES f 


SUN IMAGE 


CENTER LENS 


SIX OF TWELVE 
OUTER LENSES 


- 


19 small lenses on 
hemisphere 


same twelve with 6. = 79.4 deg. If the contribution of the 
center lens is taken as 1, the contribution of each type of lens 
is 1 times cos @, in which @ is the azimuthal angle of each 
type. Therefore 


— 


Nc = > lenses azimuthal angle of lens axis 
total number of small lenses 
and 
» 1 + 6 cos 84 + 6 cos Og + 6 cos Oe 
Nc = 19 
¥ 
1+ 4.15 + 2.32 + 1.1 


19 


The relative contribution of each type of lens to the flux at — 
the sun image is | for the center lens, 4.15 for the six inner — 
lenses and 3.42 for the twelve outside lenses. 

For a flat plate receiver following an absorptivity law @ = 
a, cos @ the concentration ratio is given by 


number of of the | 
=> lenses azimuthal angle of lensaxis/ ¢ 
€ 


total number of small lenses 


1 + 6 cos? 04 + 6 cos? 6g + 6 cos? 6c el 
Nc’ = En = 26.2% €n 
19 
and in this case the relative contribution of each type of lens 
is 1 for the center lens, 2.88 for the six inner lenses and 1.10 for 
the twelve outer lenses. 


Concentration Ratio 


The concentration ratio of the CIT furnace is calculated by 
multiplying the ratio of the collecting area, 57 sq ft, to the 
area of the sun image, }(3/12)?, by the concentration 
efficiency. Thus for a cavity receiver 5 aaa 


C = 43,800 ne = 19.7 X 103 Oo 


and for a flat plate receiver where a@ = a, cos 9, taking a, = | 


C’ = 43,800 nc’ = 11.5 X 10% <i 


Maximum Attainable Temperature 


The maximum attainable temperature for a cavity receiver | 
may be computed using Equation [31a]. Assuming ideal | 
conditions and no losses through the optical system, i.e., 72 = 
| and 7, = 1, 7’, for a cavity receiver is 4700 K. For a flat 


(Continued on page 546) 
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jae externally mounted supersonic ramjets, cooled 
principally by exposure to the surrounding free stream, 
heat transfer methods are used to predict temperatures 
attained by single-walled tailpipes during ground and air 


20-in.-diam Marquardt cry or 8 subsonic ramjet on 


Fig. 1 


Fig. 2. Two 30-in.-diam Marquardt XRJ-31-MA-1 subsonic 
ramjets on Lockheed F-80 


~ Presented at the ARS-ASME Aviation Division Conference, 
Los Angeles, Calif., March 14-16, 1956. 
1 Senior Thermodynamics Engineer. 
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Analysis of Heating Problems in Supersonic Ramjet 
Tailpipes 


WALTER UNTERBERG'! 


Marquardt Aircraft Co., Van Nuys, Calif. 


launch transients and at steady state conditions in the 
range of flight Mach numbers up to 4 and altitudes up to 
100,000 ft. It is concluded that single-walled metal tail- 
pipes, internally ceramic-coated en- 
counter a thermal barrier only in the high Mach number- 
low altitude region where more complex cooling means 
are required. A high performance variable-geometry 
‘*paper’’ ramjet was chosen as example, with internal gases 
at 4000 F throughout, near the maximum obtainable from 
Graphs show how the tail- 


where necessary, 


hydrocarbon-air combustion. 
pipe metal temperature at thermally critical locations i» 
affected by the major variables of steady state flight 
conditions, ground and air launch transients, tailpipe 
exit geometry, wall thickness and wall material. Turbo- 
jet-afterburner would experience the same 
thermal severity. the engine 
effects and thermal design factors for single-walled tail- 
Also, a survey of more complex 
The heat transfer assump- 


tailpipes 
Based on analysis, size 
pipes are discussed. 
cooling systems is included. 
tions, methods and data employed in the analysis are 


contained in the Appendix. 


coefficient 
¢ = specific heat of solid, Btu/lb-°F 


D = diameter of tailpipe at thermally critical plane (T.C.P. 
d = density of solid, lb/ft* 
e = surface emissivity, dimensionless 
= weight flow per unit area, pps/ft? 
g = acceleration due to gravity, 32.2 fps* 
H = altitude above sea level, ft 
h 
k 


), ft 


= heat transfer coefficient, Btu/hr-ft?-°F 

= thermal conductivity of solid, Btu/hr-ft-°F 
M = Mach number, dimensionless 
n = specific heat ratio, dimensionless 
P = static pressure, psia 

= heat flow per unit time per unit area, Btu/hr-ft? 


7’ = temperature, °R 
t = time, hr 
W = weight flow rate, pps 
z = wall solid, ft 

a = ceramic coating 
ah = ceramic hot face 
c = convective 
F = thrust 
q = ramjet gas at T.C.P. (diameter D) 
h = tailpipe hot inner surface (= ah or mh) 


m = metal 

mc = metal cold face oe 
mh = metal hot face 

mm = metal mid-plane 


n = net 

o = flight, free stream or outside environs 

r = radiant hic 

= total or stagnation 
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Introduction 


HEN ramjet aircraft powerplants of circular cross 

section are mounted externally—underslung or on wing 
tips—practically the whole exterior surface is exposed to the 
free stream. Fig. 1 shows this for an installation of the 
Marquardt XRJ-30-MA-8 20-in.-diam subsonic ramjet on 
the Martin KDM-1 target drone, and Fig. 2 for two Mar- 
quardt XRJ-31-MA-1 30-in.-diam subsonic ramjets at the 
wing tips of a Lockheed F-80. Consequently, over-all de- 
sign must consider both internal and external variables. 
A partial list of ramjet factors determining the flight per- 
formance of such a powerplant-vehicle combination includes 
internal and external geometry from inlet to exit, charac- 
teristics of fuel and burner systems, structural integrity and 
weight. 

Since gas temperatures in ramjets may reach 4000 F for 
hydrocarbon fuels burning stoichiometrically, high tempera- 
ture problems are built into the device, affecting structural 
and weight considerations strongly. In addition, aero- 
dynamic heating becomes important with increasing super- 
sonic flight speeds, e.g., flight total (or stagnation) tempera- 
tures 7, reach 1700 F for Mach 4 at sea level. The basic 
problem consists of keeping the temperatures of surfaces 
exposed to the internal hot gas and to the external free 
stream below structurally limiting values. 

The forward surfaces of a supersonic ramjet are subject to 
aerodynamic heating only (from both inside and outside) 
which can generally be met, using high temperature metals 
if necessary. However, the tailpipe, in which combustion 
takes place, may exceed the structural temperature limit of 
such metals. Thus, the tailpipe of a ramjet is the component 
most likely to run into an ultimate thermal barrier, especially 
at tropospheric altitudes with their relatively high tempera- 
tures. 

Thin-walled all-metal tailpipes directly exposed to full gas 
temperature on one side and to the free stream on the other 
side, may not overheat, although not otherwise cooled. 
Their use is, of course, very desirable, since weight is kept to a 
minimum and the entire air flow through the ramjet remains 
available for the combustion process. 

It is the purpose of this‘paper to discover where a thermal 
harrier curtails the use of a single-walled tailpipe for circular 
ramjets by considering a variable-geometry ramjet engine 
during launch transients and at steady state conditions. 
Changes in tailpipe exit geometry, wall material and wall 
thickness will be evaluated, and more complex cooling means 
indicated where required. 

It must be pointed out that the chief aim here is to present 
a general heat transfer approach to the tailpipe heating 
problem rather than an accurate analysis. The idealizations 
made and the particular example chosen reflect an attempt to 
demonstrate the basic effects; the numerical results should 
be regarded as comparative only. 


Ramjet Parameters and Flight Conditions 


In order to make the “paper” ramjet to be used for analysis 
representative of current and anticipated future practice, a 
range of flight speeds My between Mach 1 and Mach 4 at 
altitudes H between sea level and 100,000 ft was selected. 
In order to be capable of a high performance level over this 
My range, the paper ramjet was equipped with a variable 
inlet geometry. The assumed variation of inlet area with 
Mo resulted in thrust performance superior to that of a 
fixed geometry engine having otherwise identical components. 
This is seen in Fig. 3 where net thrust coefficients for the two 
cases are plotted against My; both ramjets had the same exit 
size, with the fixed geometry engine optimized for Mach 3. 
Of course, the increased weight and complexity of variable 
geometry somewhat reduces the gain in over-all performance 
when expressed in terms of the thrust/weight ratio. The 
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methods of (1 and 2)? were followed in the ramjet performance 
‘alculations. 

The exit of the paper ramjet consisted of a 30-in.-diam 
single-walled tailpipe ending in a convergent-divergent noz- 
zle. In this analysis two exit nozzle sizes were studied, with 
throat areas 50 and 100 per cent of the full tailpipe area. 
For the 50 per cent exit, with maximum hydrocarbon com- 
bustion gas temperature, the paper ramjet developed a net 
thrust of the order of 20,000 lb at Mach 3 and 30,000 ft, to 
give an idea of its capabilities. 

It is well known that supersonic ramjets must be boosted 
by external power to a supersonic Mach number before they 
themselves can take over, i.e., produce enough thrust to ac- 
celerate under their own power. The launch transient under- 
gone by a supersonic ramjet from rest up to its cruise point 
(at given My and HZ) therefore generally consists of a rocket 
boost followed by  self-acceleration. Overheating of tail- 
pipes is possible during the ramjet-powered part of the 
transient, especially when the take-over altitude is low. 

For the paper ramjet two plausible launch paths were for- 
mulated. In both cases the take-over speed was Mach 2 and 
the final cruise point Mach 4 at 100,000 ft To permit eval- 
uation of the effect of take-over altitude, a “ground launch” 
value of 4000 ft and an “air launch” value of 40,000 ft were 
arbitrarily assumed, with a uniform climb rate of roughly 
1200 fps for both transients. This resulted in a 50-sec air 
launch and an 80-see ground launch path under ramjet 
power, corresponding to average resultant accelerations of 
about | g. 

The gas (i.e., air plus fuel) weight flows W, through the 
ramjet were based on the inlet area variation chosen, a 
specific heat ratio n of 1.4 for air and a fuel-air ratio of 0.07 
(at maximum heat release). The same n was also used to 
find 7, values. Although calorific imperfections in the air 
make themselves felt as Mach number increases, they were 
considered small and not taken into account. One reference 
(3) places the actual value of total-to-static temperature 
ratio at Mach 4 and a 7,, of 1700 F within 5 per cent of that 
obtained with n = 1.4. 

Since only one inlet area variation with My) was assumed, 
the variation of W, with My and H was independent of exit 
nozzle throat area. This led to different thrust performance 
for 50 and 100 per cent exit nozzles, but allowed a better 
thermal comparison since W, was eliminated as a tailpipe 
variable. 


2 Numbers in parentheses indicate References at end of paper. 
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Fig.4 Ramjet flight range and launch paths—W, = ramjet gas 
flow, 7',. = flight total temperature 
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Fig. 4 shows constant W, and 7’,, lines for the paper ramjet 
£ 


on an M,-H plot. This plot reflects the latest NACA Stand- 
ard Atmosphere (4). It is seen that due to the extensive 
flight range and the variable inlet a 500-fold variation in gas 
flow occurs, from 4 to 2000 pps. Also shown in Fig. 4 are 
lines indicating the ground and air launch paths, with 5-sec 
intervals marked off on them. A plot of this kind is useful 
since the gas flow lines roughly correspond to levels of tail- 
pipe heating, as will appear from Fig. 6. When lines repre- 
senting transients—whether launches, dives or other ma- 
neuvers—are drawn on the plot, it may be seen at a glance 
what relative thermal severity is encountered along them, 
although the precise effects depend on the time scale as- 
sociated with the transients. 


Heat Transfer Treatment 


"The physical system under consideration was assumed to 


consist of a uniformly hot and fully turbulent gas inside the 
cylindrical tailpipe, with a fully turbulent air boundary 
layer on the outside. Heat transfer was postulated in a 
lateral direction only, by radiation and forced convection 
from the hot gas to the tailpipe inner surface, across the wall 
by conduction, and from the outer surface to the environs 
by radiation and forced convection. 

In line with the declared purpose no special efforts were 
made to utilize data from the most recent literature. In- 
stead, all heat transfer coefficients were based on the latest 
edition of (5), except that early experimental data by Eber 
(6) were used for external forced convection. Steady state 
wall temperatures were obtained by iterative solutions of 
the heat flow balances, while the transient cases were handled 
by step-wise numerical or graphical methods. 

The Appendix contains detailed information regarding 
the assumptions, heat transfer coefficients, and steady state 
and transient methods. The numerical accuracy of the re- 
sults was limited by the methods employed, so that tempera- 
tures may be considered to lie within 10 F of the quoted values 
in most cases. 
i Tailpipe Variables 
Preliminary calculations showed that the most important 
factor determining tailpipe wall temperature was the con- 
vective heat transfer coefficient from the gas to the inner 
surface (h.,). Since this varies inversely with (diameter)!-* 
for a given gas weight flow W, (see Appendix, B), the smaller 
the diameter, the hotter the tailpipe becomes. Therefore, 
the plane of the exit nozzle throat was taken as the ther- 
mally critical plane (T. C. P.). 

The hot gas total temperature at the T. C. P. (71) was as- 
sumed to be uniform over the cross section and constant over 
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the flight range at the value of 4000 F. For hydrocarbon-air 
mixtures the maximum ideal 7',, values obtainable lie in the 
range of 3600-4400 F as 7’,, increases from 0 to 1700 F (7). 
Thus, 4000 F represents an average maximum gas tempera- 
ture over the flight range, assuming 100 per cent combustion 
efficiency. In this range the fuel-air ratio by weight at 
maximum combustion temperature averages 0.07. Since in 
practice combustion efficiency is always below 100 per cent, 
decreasing with altitude, and ramjets are only flown at maxi- 
mum power for a limited time, this assumption corresponds 
to the highest possible internal thermal severity. 

Three tailpipe configurations were investigated, as shown 
in Fig. 5. Tailpipe A had no contraction, i.e., a 100 per cent 
cylindrical nozzle; tailpipe B had a gradual taper down to a 
throat area of 50 per cent of the full tailpipe area, diverging 
more rapidly to the full area; tailpipe C remained cylindrica! 
and then converged rapidly to a 50 per cent throat followed by 
a divergence identical to that in B. The h,, influence dis- 
cussed above implies that tailpipes B and C (with 50 per cenit 
exit) would reach higher temperatures than tailpipe A (with 
100 per cent exit) for the same W,. Further, it was con- 
sidered for the 50 per cent exits that the external air flow ad- 
hered to the gradually tapering tailpipe B, but separated 
from the nozzle contour of straight tailpipe C. Accordingly 
the convective heat transfer coefficient from outer surface to 
free stream (h¢o) was taken at the full flat plate value for tail 
pipes A and B, but arbitrarily at half that value for C. Th: 
foregoing suggests that tailpipe C should run hottest, fol- 
lowed by B and A, in that order. 

The choice of exit nozzle shape, apart from thermal con- 
sideration, is primarily determined by internal (thrust-pro- 
ducing) and external (drag-producing) factors as they relate 
to the particular flight application. If low external drag is 
the principal requirement, the cylindrical (type C) is to be 
preferred to the tapered (type B) tailpipe for a given exit 
contraction. If only structural strength is important, the 
tapered tailpipe is to be preferred. Tailpipes with 100 per 
cent exists will produce more thrust than those with smaller 
throats, so that a type A tailpipe may be mandatory if high 
performance is desired. Ultimately, exit nozzles with con- 
tinuously variable throat areas may be used, subject to 
different heating conditions as the shape changes. 

Three tailpipe walls were analyzed to demonstrate effects 
due to thickness and material changes: (a) Thin metal wall, 
1/1, in. metal thickness; (b) thick metal wall, °/i¢ in. (2/16 
+ 1/,) metal thickness; (c) thick composite wall, 1/j¢-in. 
metal with !/;-in. internal ceramic coating. 

The relative effectiveness of adding the same !/,-in. thick- 
ness of metal or ceramic to the thin metal wall could thus be 
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Fig. 6 Steady state wall temperatures over ramjet flight 
range—tailpipe B, ;;-in. metal wall. 4000 F gas temperature— 
maximum power. Wall temperatures are lower at reduced 
power cruise 


determined. Although the added !/,-in. dimension might 
appear excessive, it brings out the effects more clearly and 
illustrates the use of thicker walls for cases of high thermal 
severity. 

Based on a recent review of high temperature materials 
for powerplants (8), the heat transfer properties for the metal 
were taken as those of Haynes Stellite N-155, and for the 
ceramic as those of Norton Rokide A. The former is pre- 
dominantly a chromium-nickel-cobalt alloy, the latter an 
aluminum oxide coating. Not necessarily in accord with the 
present state of the art, a constant structural temperature 
limit of 2250 F was assumed for the metal, a few hundred 
degrees below its melting point. Likewise, for the ceramic, 
it was assumed that a !/;-in. thickness of it could be bonded 
to the metal, remaining intact up to 3500 F. Roughly, the 
ceramic had a thermal conductivity '/1, a thermal diffusivity 
‘5, and a density '/3 those of the metal. 

Preliminary calculations showed that for the thin !/j¢-in. 
metal tailpipe the temperature differences across the wall 
were of the order of only 30 F. Therefore, for all cases in- 
volving it, temperature gradients were neglected and a single 
wall temperature was calculated. For the 5/,.-in. metal wall, 
however, the gradient was considered and both “hot face’’ 
and ‘mid-plane’? temperatures were computed. Tempera- 
ture gradients were taken into account for the composite wall, 
but no ceramic temperatures were evaluated since with the 
assumed 3500 F limit no overheating was indicated. 


Single-Walled Tailpipe Temperatures 
Steady State Results 


Steady state temperatures were calculated throughout the 
range of flight conditions for tailpipe B (intermediate se- 
verity) at the thermally critical plane for the thin 1/j-in. 
metal wall. Here “‘steady state’ refers to the temperature 
equilibrium reached after a sufficiently long level flight at a 
given Mach number and altitude. Fig. 6 shows the results 
in the form of solid lines of constant wall temperature on the 
M.-H grid. For comparison some constant W, lines are 
drawn dashed, showing that the ramjet gas flow is a relative 
measure of tailpipe temperature. This might be expected 
since, other things being equal, h., is the prime influence on 
wall temperature. 

The temperatures are seen to vary from 1250 F to well 
over 3000 F, with the limiting metal temperature of 2250 F 
constituting the applicable thermal barrier. The thermally 
safe zone lies to the left of the limit line and above it, in this 
case above 50,000 ft at Mach 2; above 80,000 ft at Mach 3; 
and above 100,000 ft at Mach 4. It must be remembered 
that this thermal barrier reflects maximum power operation; 
the reduced power needed for steady state cruise will result 
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in lower wall temperatures and a thermally safe zone down to 
lower altitudes. 

The same qualification applies to Fig. 7 where lines similar 
to those in Fig. 6 are determined for tailpipes A and C. 
The solid lines compare the 2250 F metal limit for all three 
configurations. The thermal barrier is pushed back consid- 
erably when going from B to A, but becomes a little more 
severe when going from B to C. The temperature differ- 
ences between B and C are of the order of 100 F or less, while 
those between B and A run up to several hundred degrees. 
Such comparisons assist in over-all design procedures when a 
choice must be made between exit nozzles which differ in 
shape and contraction ratio. 

The discontinuous lines on Fig. 7 show the steady state 
effects of wall thickness and material changes on the 2250 F 
limit with tailpipe B. The hot face of the thick °/)¢-in. 
metal wall represents more severity than the thin !/j.-in. wall, 
although the °/;.-in. mid-plane line is less severe. 

These effects are consequences of increasing the thermal re- 
sistance of the wall by adding metal thickness. In the 
practical case the mid-plane temperature could be considered 
the one of structural consequence, since it determines the 
strength of the wall, provided that the hot face is not near 
the melting point. The differences between the !/j.-in. and 
the */\.-in. mid-plane temperatures at fixed flight conditions 
are of the order of 100 F. The composite wall ('/;-in. cer- 
amic inside !/;.-in. metal) reduces metal temperatures by an 
average of 400 F from the standard case and results in a 
considerable extension of the thermally safe flight range, 
down to sea level at Mach numbers up to 2, 54,000 ft at 
Mach 3 and 80,000 ft at Mach 4. 

Larger thicknesses of ceramic coating (assuming that 
bonding is still feasible) may push the barrier back further. 
A line for 1/s-in. ceramic coating was drawn on Fig. 7 to il- 
lustrate a potential further depression of the limit line by 
10,000 ft. Since the ceramic density is roughly '/3 that of 
metal, the weight increase may be tolerable compared to 
that incurred in other more complex cooling arrangements. 
Cooling effectiveness and weight must be considered to- 
gether when deciding on the optimum tailpipe configuration. 

Based on the results of Figs. 6 and 7, it may be stated that 
for steady state operation single-walled ramjet tailpipes have 
a well-defined thermal barrier which is dependent on ramjet 
inlet and exit geometry, gas temperature, and tailpipe shape, 
thickness and material. Even with the high thrust ramjet 
used as an example here, suitable wall design may allow ade- 
quate protection against thermal failure. Only when high 
thermal severity interferes with the required flight range, 
may it be necessary to abandon the simple single-walled 
design in favor of more complex cooling means. Such means 
are discussed in a later section. 
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Fig. 7 Steady state comparison of tailpipes and walls at metal 
temperature limit 2250 F. 4000 Fg as temperature—maximum 
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Fig. 8 Transient wall temperatures during air and ground 
launch—-tailpipe B, ;;-in. metal wall 


Transient Results 


For both ground and air launches under ramjet power it 
was assumed that at time zero the tailpipe wall temperature 
was equal to the 7, value at the end of boost. This as- 
sumption is conservative since the wall, exposed both inter- 
nally and externally to the variable 7, during the boost 
phase, would lag and not generally reach the boost terminal 
T,.. (neglecting recovery factors and radiation) when the 
ramjet was ignited at time zero. For the ground launch 
(Mach 2 at 4000 ft) this temperature was 448 F and for the 
air launch (Mach 2 at 40,000 ft) 242 F. All things consid- 
ered, the ground launch imposes greater thermal severity on 
the tailpipe because of the higher initial temperature and 
longer flight through the low altitude region. 

Fig. 8 shows tailpipe temperature-time curves for both 
launch paths for the case of the thermally critical plane of 
tailpipe B with the thin !/,-in. metal wall. The heating 
rates are quite high initially, averaging about 200 F per sec 
over the first 10 sec, but are reduced as altitude is gained, 
despite the continual rise in Mach number. The tempera- 
tures reach maxima and then approach the steady state 
value at the cruise point (Mach 4 at 100,000 ft). The ground 
launch maximum is reached first (2815 F after 21 sec) despite 
the longer (80 sec) duration of the complete transient. The 
air launch maximizes at 2410 F after 31 sec out of 50. Al- 
though the cruise point steady state temperature is just at 
the metal limit, the latter is exceeded over the major portion 
of both transients. 

For comparison purposes the steady state temperatures at 
conditions along the launch paths are shown by dashed 
lines. These would only apply if the wall were close to zero 
thickness so as to reach instantaneous thermal equilibrium at 
each point. It will be noted that transient and steady state 
temperatures are equal at the points of maximum transient 
temperature. This is a consequence of the zero slope of the 
transient curves at their maxima which knocks out the 
time-dependent term from the calculation, reducing it to 
steady state form. Further, the maximum steady state 
temperature along the path cannot be exceeded during the 
actual transient. This allows a quick estimate of the maxi- 
mum possible temperature to be made if the transient is 
drawn on a plot like Fig. 6. 

For a transient comparison of all three tailpipes with the 
thin wall, Fig. 9 was drawn, using the air launch path. The 
relative cooling effectiveness of the three tailpipes remains 
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unchanged from the steady state case (Fig. 7), but at any 
time during the transient the differences A-B and B-C are 
increased over the corresponding steady state values. This 
is especially so for the A-B comparison where the maximum 
transient temperature difference (after 12 sec) is three times 
the steady state difference at the corresponding Mo-H con- 
dition. This shows that a given change manifests itself 
more strongly during transient than steady state conditions. 
For the air launch it is seen that temperatures of tailpipe A 
lie entirely below the metal limit. 

The question of how to prevent overheating during launches 
must be answered before any flying at the cruise point can be 
done. One of the possibilities is to change the launch paths 
so that they traverse less dangerous territory. Referring to 
Figs. 4 and 6, it would appear desirable to increase altitude 
faster than speed, reaching 100,000 ft at a Mach number 
less than 4 and then accelerating to Mach 4 in level flight. 
Alternately, increasing the wall thickness should help a great 
deal in the transient case because of the increased heat 
capacity. 

Fig. 10 shows the worst case considered, namely, ground 
launch with tailpipe C. The thin wall reaches 2950 F after 
17 sec, and the addition of 1/,-in. metal only reduces the max- 
imum (at the mid-plane) to 2735 F after 47 sec. However, 
with the 1/s-in. ceramic coating the metal never reaches « 
maximum during the transient. When the cruise point is 
reached, the metal temperature is 2100 F and still rising 
However, it would not be expected to rise any more tha: 
another 30 F at the most before dropping to the steady stat: 
cruise value. A thinner ceramic coating would thus stil! 
have kept the metal below the 2250 F limit. When the 
maximum temperatures are compared, the differences due to 
adding material thickness are about double those found 
in comparable steady state cases (Fig. 7). 

It appears possible, therefore, to keep the metal in single- 
walled tailpipes below structurally limiting temperatures 
during transients by the use of internal ceramic coatings, 
provided that no undue amount of low altitude and/or high 
Mach flight is involved. The air launches analyzed here 
would fall into this category. Only when inordinately thick 
and heavy layers of coating are needed to overcome a transient 
thermal barrier, must recourse be had to more complex 
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Fig. 9 Transient comparison of tailpipe geometry—air launch, 
7s-in. metal wall 
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Fig. 10 Transient comparison of wall materials and thick- 
nesses—ground launch, tailpipe C 


cooling. Of course, development of coatings with properties 
superior to those assumed here will make inroads on the 
barrier. 

Although not analyzed here, other in-flight maneuvers and 
dive trajectories are equally susceptible to the heat transfer 
approach outlined. If these involve much operation at 
large angles of attack, the resulting changes in the external 
and internal flow regimes may lead to tailpipe temperature 
nonuniformities to which heat transfer methods need to be 
adapted. Generally, the larger the accelerations, the greater 
the temperature lags, and the more effective the coatings. 
Conversely, when accelerations are small, the lags are re- 
duced and the transient temperatures approach the steady 
state values at the points along the trajectory. 


Turbojet-Afterburner Application 


Since gas temperatures in turbojet-afterburners are of the 
same magnitude as in ramjets, single-walled afterburner tail- 
pipes would reach the same temperatures as ramjet. tail- 
pipes over the supersonic flight range with comparable gas 
flows. In actual practice afterburner tailpipes could not 
always be exposed to the free stream, resulting in increased 
thermal severity for submerged installation. Further, most 
supersonic applications require the afterburner on for long 
periods of time, equivalent to steady state operation. For 
this, ceramic coatings might be inadequate. The mechanical 
complication of any variable area exit nozzle arrangement 
would place additional restrictions on the use of coatings. 
More complex cooling arrangements (e.g., using compressor 
bleed air, or external air in ejector-type nozzles) would thus 
appear more necessary for turbojet-afterburners than for 
ramjets. 


Engine Size Effects 


Some remarks might be in order regarding the effect of 
engine size (in terms of tailpipe diameter). If geometrically 
similar engines are considered, the gas flow per unit area is 
constant, so that h., varies inversely with (diameter)°-? 
(see Appendix, B), tending toward slightly lower h., as engine 
size is increased, i.e., also lower wall temperature. On the 
other hand, the radiant heat transfer coefficient from hot 
gas to inner wall (h,,) increases as the diameter increases, 
counteracting the convection effect. 

At low altitudes and high speeds where h,, and h,, are 
equal (e.g., very nearly so at sea level Mach 4), the radiation 
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effect predominates, resulting in a 30 per cent increase in the 
total coefficient (h., + h,,) when the present 30-in. size is 
doubled, and a 16 per cent decrease when it is halved. At 
high altitudes where h,, is very small compared to h.,, the 
effect is purely that due to convection, i.e., a 13 per cent 
decrease in the total coefficient when the size is doubled and a 
16 per cent increase when it ishalved. Corresponding changes 
in wall temperature would occur, since the external coeffi- 
cients are not unduly affected by changes in size. 

At intermediate conditions the effects will lie between those 
quoted; in general there will be a range of flight conditions for 
which no sensible size effect will be felt. In most cases where 
only small changes in size are considered, the effects will be 
small. For steady state lines covering a large flight range, 
the whole gamut of size effects will be traversed, but for 
launch paths involving large differences in speed and altitude 
the size effects might well cancel out. 


Thermal Design Factors for Single-Walled Tail- 
pipes 


In the foregoing analysis a limited number of variables 
were investigated and many simplifying assumptions were 
made, with the prime objective of demonstrating general 
effects. For a particular engine-vehicle combination many 
more factors require close examination for adequate thermal 
tailpipe design or analysis. Table 1 contains a list of such 
factors, only a few of which were explored numerically. The 
factors are divided into three categories—internal, wall and 
external. A short discussion of each follows. 


Internal 


Air flow variation: Tailpipe temperatures are strongly 
affected by the amount of ramjet inlet air flow. Fixed 
geometry designs for operation over a limited Mach number 
range generally take in less air and give rise to lower thermal 
severity than the variable geometry used in the paper ramjet 
for a wide Mach number range. 

Fuel combustion characteristics: When chemical fuels 
capable of higher combustion temperatures than hydrocar- 
bons are burned at maximum heat release, the thermal 
severity will rise. For analysis, the gas-to-surface radiation 
properties which depend on the combustion gas constituents 
must be re-evaluated. 

Flow and temperature nonuniformities: Depending on the 
characteristics of ramjet diffuser and burner systems, non- 
uniformities may be introduced, resulting in flow and tem- 
perature stratification inside the tailpipe. The gas-to-surface 
convection at a given point, being primarily a function of 
gas boundary layer velocity and temperature, must be ad- 
justed to the local boundary layer conditions, which may 
include chemical reaction. Likewise, gas-to-surface radia- 
tion will be influenced by gas temperature nonuniformities. 

Gas pressure oscillations: Both aerodynamic and combus- 
tion pressure oscillations may make themselves felt in the 
tailpipe gas. Heat transfer rates generally tend to increase 
with amplitude, but not enough is known about such effects 
at the present time. 

Exit throat sizes: The smaller the throat area, the more 
acute the heating at the throat and the poorer the external 
convective cooling (e.g., tailpipe C). For very small exits it 
may be found necessary to use additional cooling at the 
throat. 

Axial heat transfer effects: In practice all the heat transfer 
is not purely lateral. One axial effect is radiation from the 
interior surface of the divergent part of the tailpipe exit 
directly to the environs, resulting in improved cooling for 
some distance forward of the nozzle exit plane. Another 


is the internal boundary layer history upstream of the ther- 


mally critical plane. 
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Wall 


Surface emissivities: For the inner surface a low emissivity 
is desirable to reduce the gas-to-wall heat flow, whereas for the 
outer surface the opposite is true, to dissipate as much heat 
as possible. For this reason ceramics of low emissivity are 
useful internally and oxidized surfaces help externally. 
Generally, it is always economical to treat surfaces for a 
desirable emissivity characteristic because of the large gains 
possible. 

Surface irregularities: For low heating and good cooling, it 
is desirable to keep the inner surface smooth (tending toward 
minimum effective heat transfer surface and a low trans- 
mittance laminar boundary layer) and the outer surface rough 
(for maximum area and highly turbulent high transmittance 
boundary layer). Surface finish should therefore be closely 
controlled. 

Material properties: For transient use, low thermal dif- 
fusivity (i.e., low thermal conductivity, high density and 
high specific heat) is desirable if elevated hot face tempera- 
tures can be tolerated (e.g., for a ceramic). If not (e.g., for 
metal), high density and specific heat alone are desirable. 
For steady state, only thermal conductivity is important, a 
high value being desirable for low hot face temperatures, and 
vice versa. High contact resistance across a metal-ceramic 
bond will assist cooling, since the ceramic can stand up under 
the resultant high hot face temperature. More information 
on any such contact resistance is needed. 

Wall thickness: As thickness is increased, the inside surface 
temperature rises and the outside surface temperature drops. 
Also, the total heat flow across the wall is reduced. Thus 
thick ceramic walls may be used, but metal walls should be 
kept thin. 

Wall vibration: This is unavoidable in practice and affects 
heat transfer rates in a manner not well understood as yet. 

Axial heat transfer effects: When internal nonuniformities 
such as axial and circumferential gas temperature variation 
are present, three-dimensional conduction takes place in the 
wall. This leads to similar nonuniformities in wall tempera- 
ture which are structurally undesirable. 


External 


Air flow nonuniformities: The boundary layer significant 
for external convection may be influenced by flow nonuni- 
formities arising from interaction of ramjet and vehicle 
shapes and surfaces. These include the ramjet supporting 
strut to fuselage or wing tip, aerodynamic interference from 
surfaces of vehicle or a second ramjet (shock wave-boundary 
layer interaction), and the forward contour of the ramjet 
itself. 

Radiation nonuniformities: The outer surface actually 
radiates to a number of objects at different sink tempera- 
tures with different shape factors, rather than to a uniform 
environment. The receivers include sky, ground and sur- 
faces of vehicle and ramjet(s), the individual contributions 
being affected by position relative to ground and sun. 

Maneuvers: Changes in angle of attack, acceleration, roll, 
pitch, etc., will change flow patterns both inside and outside 
the ramjet, and affect the whole heat transfer system. In 
some cases one-sided heating may result, which must be de- 
signed for if the severity of the maneuver is foreseeable. 

Flight range: This is the major thermal design factor for 
steady state flight, as shown in the graphs. 

Transient trajectories: These constitute the major thermal 
design factor for transient flight, e.g., during launch, as shown 
in the graphs. Often it is possible to make changes in trans- 
ients rather than in the physical parts of the ramjet to avoid 
thermal failures. 

Axial heat transfer effects: Important here is the history of 
of the external boundary layer upstream of the thermally 

critical plane. 
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More Complex Tailpipe Cooling Designs we 


The results of the analysis indicated the need in a number 
of cases for cooling additional to that provided by the single- 
walled design. This need was more prevalent for steady 
state than transient operation since thicker and thermally) 
more insulating materials were more effective in the latter 
than in the former case. In such an event it must first be 
determined what length and part of the tailpipe is in need ot! 
additional cooling. Perhaps only the area in the immediat: 
vicinity of the exit nozzle throat is thermally critical; on th: 
other hand, the entire length may need protection. Need- 
less to say, the introduction of cooling devices must compro- 
mise the flight performance to some degree; it may be felt 
as a penalty in gross thrust, weight, drag, complexity, cost 
etc. 

It is only intended here to remark briefly on some of the 
devices or systems which could be used for cooling tailpipes 
of externally mounted supersonic ramjets. Three cate- 
gories may be mentioned in ascending order of effectiveness: 
(a) Structural changes not affecting the internal flow, (b) use 
of air as a coolant, and (c) use of other fluids as coolants. 

Under (a) may be mentioned increases of the effective outer 
surface heat transfer area by radial fins or corrugations. 
These may be added over the tailpipe areas in need of ad- 
ditional heat dissipation, such as the nozzle throat. For 
large contraction ratio nozzles, external scoops directing 
freestream air parallel to the convergent part of the nozzle 
might be useful in increasing the convective heat transfer at 
the throat. Such devices may appear indicated in marginal 
situations where a complete redesign is not possible or desired. 
Additional weight and drag are the principal disadvantages. 

Systems involving (b) may either scoop air from the free 
stream or bleed it off the ramjet diffuser. In either case a 
second cylindrical wall inside or outside the nominal tailpipe 
is introduced, forming an annular parallel-flow cooling pas- 
sage. Since the divergent part of the nozzle is rarely in need 
of extra cooling, the passage generally terminates at the 
nozzle throat. If internal, the second wall may be shortened 
to take advantage of the film or boundary layer cooling 
effected over a short axial distance by the air spilling from the 
passage at lower temperature than that of the combustion 
gas with which it mixes. In these systems the lowest air 
temperature available for cooling is the flight total tempera- 
ture 7, (for turbojet-afterburners with compressor bleed an 
even higher temperature) which limits the effectiveness at 
high Mach numbers and low altitudes. A weight penalty is 
unavoidable, but when using external air it may be possible 
to keep drag losses to a minimum (or even increase the net 
thrust) by a suitable ejector-exit nozzle design. 

Designs in category (c) have the widest latitude. First, 
liquids (which have better cooling properties than gases 
like air) may be used; second, provision may be made for 
sink temperatures below 7T,,; and third, the more efficient 
counterflow heat exchange principle may be used. The 
system may be open or closed. An example of the former 
might be the use of the liquid ramjet fuel itself, introduced 
as a counterflow coolant at the tailpipe exit and flowing 
forward in annular passage, finally entering the ramjet fuel 
injection system in the diffuser. This type of system is the 
bulkiest of all, and, if closed, requires additional apparatus 
in the vehicle. On the other hand, when tailpipe thermal 
severity is extreme, it is the only one which holds out hope of 
providing adequate cooling. 

It may be possible to optimize tailpipe cooling by a com- 
bination of systems, e.g., a refrigeration system in category 
(c) may be used to cool air for direct use in a system of cate- 
gory (b). As ramjets proceed to higher and higher flight 
Mach numbers, the thermal barrier will become more re- 
strictive, and more effective tailpipe cooling will be needed 
to combat it. 
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Conclusion 


Single-walled thin metal tailpipes used on externally 
mounted supersonic ramjets encounter a thermal barrier 
only in regions of high Mach number and low altitude. The 
barrier may be pushed back by use of internal ceramic coat- 
ings whose effectiveness is more marked during transient than 
steady state operation. Ultimately, the thermal limits of 
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Table 1 Some thermal design factors for single-walled 
tailpipes 
Internal Wall External 
Air flow variation Surface emissivi- Air flow nonuni- 
ties formities 
Fuel combustion Surface irregu- Radiation non- 
characteristics larities uniformities | 
Flow and tempera- Material proper- Maneuvers 
ture nonunifor- ties | 
mities 
Gas pressure oscil- Wall thickness Flight range 
lations 
Exit throat size Wall vibration Transient tra- 


jectories 


Axial heat transfer Axial heat trans- Axial heat trans- 


effects fer effects fer effects 
| 
APPENDIX 
Heat Transfer Analysis 


A. Assumptions 


1. Internal gas: Hot, fully turbulent gas, consisting of 
stoichiometric products of hydrocarbon-air combustion, 
flows at known weight rate W, through tailpipe, having a 
uniform and constant total temperature 7',, at the thermally 
critical plane (diameter D). 

2. Gas to inner wall surface: Heat transfer by radiation 
and forced convection. Radiation temperature difference is 
static gas temperature at diameter D, 7, minus tailpipe in- 
ner surface temperature 7, with coefficient h,,. Inner 
surface emissivity e, is 0.6 for metal, or 0.3 for ceramic. 
Convection temperature difference is 7,, minus 7), with 
coefficient hz». 

3. Inner to outer wall surface: Heat transfer by radial 
conduction neglecting contact resistance across metal-cer- 
amic bond and temperature gradient across thin (1/15 in.) 
metal wall. 

4. Outer wall surface to outside environs: Heat transfer by 
radiation and forced convection. Radiation temperature 
difference is tailpipe outer surface temperature 7’,,.. minus 
flight ambient static temperature 7, with coefficient h,.. 
Outer surface emissivity e, is 0.8 for oxide-coated metal. 
Convection temperature difference is 7, minus flight total 
temperature 7',,, with coefficient 

5. External air: Fully turbulent flow along the tailpipe 
surface at free stream Mach number M,, with an equivalent 
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flat plate length of 10 ft at the thermally critical plane. 
The h,. so found is halved for tailpipe C (see Fig. 5), but re- 
tains full value for tailpipes A and B. The angle of attack 
is taken as close to zero. 

6. Conservative nature of assumptions: The gas and out- 
side temperatures assumed resulted in increased over-all 
thermal severity compared to actual conditions. For con- 
vection the recovery factors were neglected, i.e., T:, and 7, 
were used instead of adiabatic wall temperatures. For out- 
side radiation 7’, was used as sink temperature rather than a 
lower value such as absolute zero. 


B. Heat Transfer Coefficients for Radiation and 
Convection 


h,,: Evaluated by methods of (5, p. 82 et seq.), consider- 
ing H,O and CO, radiation to gray walls, as a function of 
é,, T,, D, P, and T,; P,isfound from continuity equation and 
known W,, 7,,, D and M,; 7; requires iteration for steady 
state and is known from previous step for transient. 


h-o: Evaluated from turbulent heat transfer equations 
given in (5, p. 219), or their equivalents, as follows: 
heg = (const)(W + 


= (const )(G,)°-8(7, + 

T,, requires iteration for steady state; is known from pre- 
vious step for transient. 

Evaluated from = (e,)- (Stefan const) - 
+ 7.2).(Tme + To); Tme requires iteration for steady state 
and is known from previous step for transient. 

h.o: Evaluated from results of (6) with flat plate length of 
10 ft as function of M, and H. 


C. Steady State Methods 


Heat flow balance for metal wall internally coated with 
ceramic at T. C. P., neglecting surface curvature because of 
small «/D: 

Q hrf T, + = T an) = 
For this most general case there results 


+ to) + X(hroTo + heoTw) 
(Reg + heg) + X(Rro + heo) 


T mr = 


where 
1+ + 
1 + (tm/km)(hro + 


X = 


When temperature gradient in thin metal wall is neglected, 
this reduces to X = 1 + (2a/ka) (Arg + heo); and when in 


addition no ceramic coating is present, X = 1. 
For thick metal wall with temperature gradient but without 
ceramic coating, the formula reduces to (1/X) = 1 + (tn/ 


kim) (hro + 


Once Tn, is found, the last two equations of the balance 
may be solved for 7’, yielding 
(Km/im) + (Rro + heo) 


CP xc + Tmn)/2 


In practice, since h,, and h., are functions of T'a,, and h,o 
depends on 7’, an iterative numerical method was em- | 
ployed to solve for the metal temperatures, utilizing digital — 
computing machines. Dependence of h.. on T'm- in a more — 
refined method may also be treated thus. 


T mc 


Finally 


D. Transient Methods 


1. For the metal wall without temperature gradient and 
(Continued on page 541) 
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A simple procedure is developed for obtaining upper 
bounds for aerodynamic heating at high speeds and alti- 
tudes. The procedure is based on energy considerations, 
and assumes the most unfavorable flow conditions. In 
nonmarginal cases, such as the launching vehicle for an 
artificial satellite, these upper bounds result in skin tem- 
peratures low enough to serve as a guide for practial design 
purposes. 


Introduction 


TTAINING a reliable prediction of skin temperatures of 
high speed, high altitude vehicles involves numerous dif- 
ficulties, for several reasons. The elementary theory of con- 
vective heat transfer breaks down under the conditions of 
high speed flight in rarefied air. The familiar concepts of 
discontinuous shock waves and thin boundary layers can no 
longer be used when the mean free path of the air molecules 
becomes comparable to the continuum flow boundary layer 
thickness. Moreover, the conversion of a great part of the 
kinetic energy of the flow into random kinetic energy of the 
molecules often leads to temperatures which are sufficient to 
dissociate the air molecules into neutral atoms or ions and free 
electrons. 

There is some information available on the equilibrium 
state of the air at very high temperatures. For the flight 
conditions considered here, however, these data are not al- 
ways applicable, since the relaxation time may be of the same 
order of magnitude as the time that it takes the free flow to 
travel the length of the body. 

It is relatively simple, however, to obtain some upper 
bounds for aerodynamic heating. In order to be useful for 
practical design purposes, these bounds should result in skin 
temperatures lower than those which available and otherwise 
suitable materials can withstand. 

An example of the foregoing might be a rocket launched 
from the ground into a flight path outside the atmosphere, 
i.e., the launching vehicle for an artificial satellite. In the 
lower atmosphere where density is high, the velocity of such 
a vehicle would be relatively low and the aerodynamic heat- 
ing, therefore, would be moderate. At extreme altitudes, the 
heating becomes negligible, since the density is so low that 
only a small amount of energy is available for transfer to the 
skin. On the other hand, in the case of re-entry, the procedure 
described in this paper might be valuable to show that a cer- 
tain vehicle with low re-entry velocity would not burn up. 


Upper Bounds for the Temperature of Sharp 
Leading Edges or Pointed Noses 


The most severe aerodynamic heating occurs at those 
points which are directly exposed to the flow, such as the nose 
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and the leading edges of fins. The heating is especially severe 
for pointed ends, because of their small heat capacity and their 
poor ability to conduct heat. 

In the following, the heat capacity of the body as well as 
the heat conduction in the skin and from the skin into the in- 
terior of the body will be disregarded. This will certainly 
lead to an overestimation of the transient temperature while ii 
is rising. On the other hand, the temperature after passing 
through the maximum might be underestimated if the 
“thermal inertia” of the body is too great. At any rate, the 
maximum of the temperature will be conservatively esti- 
mated. 

In order to estimate the maximum possible temperature at 
any point of a body we may first note that the temperature in 
the flow can nowhere exceed the stagnation temperature. In 
fact, the stagnation temperature 


(where 7... is the ambient temperature, y = c,/c,, and M is 
the Mach number) is that temperature which the gas would 
assume if all its kinetic energy were converted into heat with- 
out exciting any internal degrees of freedom of the molecules, 
without energy consumption by dissociation, ionization or 
radiation, and without heat conduction from the hotter 
parts of the flow field to cooler parts. 

The only possibility of exceeding 7) somewhere in the flow 
field would be by the liberation of latent chemical energy, 

g., by the compression of a cool hydrogen-oxygen mixture 
in a strong shock wave. However, all possible chemical 
changes in air (such as O.— O + O or O2 + Nz2— 2NO) re- 
quire energy and, hence, lower the temperature. We obtain 
thus the first estimate for a body? in the flow 


2 


where 7'..(h) is a function of the altitude, the value of which 
can be taken from tables of the standard atmosphere. (We 
might also consider y as a function of h, due to the variation 
of the composition of the atmosphere at great altitudes, e.g., 
formation of ozone or atomic oxygen. This effect has been 
disregarded, but could easily be taken into account.) 
Equation [2] is only useful for moderate Mach numbers be- 
cause of the rapid increase of 7) with M. We proceed, there- 
fore, to derive a second upper bound for higher speeds. This 


S Ta(h)- (1+ 


2 This is correct only in continuum flow, since it implies that 
the greatest part of the available energy is retained in the gas and 
only a small portion is transferred to the body. Ina free molecule 
flow, it is obvious that any part of the kinetic énergy can be trans- 
ferred to the body upon the impact of the molecules on the sur- 
face. Hence Equation [2] will only be used for comparatively 
low altitudes and will be replaced by the poli derived 
inequality [7] at greater altitudes. For experimental evidence of 
“temperature recovery factors’? above 1 at extremely low pres- 
sures, cfr. S. A. Schaaf, Jer Proputsion, vol. 26, April 1956, p. 
247, and R. M. Drake and G. H. Bac ker, Trans. ‘ASME, vol. 74, 
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second bound is obtained from the observation that the total 
heat energy absorbed by the body cannot be more than the 
relative kinetic energy contained in the volume of air through 
which the body has passed. Assuming that these two amounts 
of energy are equal would imply that all this air comes to rest 
relative to the body and travels along with it. It also im- 
plies that the air is cooled down to the ambient temperature 7’. 
by a heat sink inside the body of such a strength that it keeps 
the temperature of the body at 7.. This is obviously a 
fantastic assumption, but we are going even one step further. 
We suppose that all of the available energy is used for heating 
the body to such a temperature Tyaq, at which it would 
radiate away all the energy which it receives. This fictitious 
temperature, then, is an upper bound for the skin temperature 
of the body. 

We are now interested in the nose region which in practice 
is not a mathematical point, but a small rounding normal to 
the flow. Hence we apply our procedure to a flat plate of unit 
area normal to the flow. The available kinetic energy in this 
case 1S 


h) 1 ft-lb 
E; = = — ja(h)?M3 ——....... [8 


where p(h) and a(h) are the density and the velocity of sound 
at the altitude h. On the other hand, this area radiates away 
energy at the rate of 

ft-lb 


E, €o sec-ft? [ 


where € < 1 is its emissivity, o the radiation constant ae 
ft-lb 


ft? see °R4 


and 7’, is its surface temperature in degrees Rankine. We 
can assume e€ ~ 1, since we can coat the nose with some dark 
and sufficiently heat resisting material, and thus obtain 


T,, ft-lb 
= 380 ( [6] 
1000/7 ft?-sec 


Combining Equations [8 and 6], the equilibrium temperature 
becomes 


= 190 (7] 


Thus, for a given altitude, the equilibrium temperature of the 
nose cannot exceed a value which is proportional to the */, 
power of the Mach number. Combining this result with 
Equation [2], and assuming the value y = 1.4, we obtain 


T,, < Ty = Min + (M?/5)]; 190V pa? [8] 


This equation holds true only for the equilibrium temperature 
at the altitude 4. However, when a rocket travels from the 
ground to very high altitudes, its temperature at the altitude h 
will always be between its actual temperature at the altitude 
h — 6 and the equilibrium temperature corresponding to the 
altitude h. Hence, the maximum temperature which it will 
experience cannot be greater than the maximum of 7',, with 
respect to h. 

The problem, then, is to evaluate the very rough estimate of 
Equation [8]. Fig. 1 gives several curves for 7’ as a function 
of M for various altitudes. The atmospheric data were 
taken from (1). It can be seen that the expression 7’..(h)- 
[1 + (M?/5)] gives the lower estimate at low altitudes for all 
possible Mach numbers, whereas the expression 190 V pa 
M’*’* yields the lower estimate at high altitudes. Fig. 1 shows 
that the aerodynamic heating cannot even maintain the am- 
bient temperature at h = 350,000 ft unless the Mach number 
exceeds approximately 2.5. 


’ Numbers in parentheses indicate References at end of paper. 
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Fig. 1 Upper bound for equilibrium temperature at great alti- 
tudes (see Equation [8]) 


This indicates to us immediately the altitudes above which 
aerodynamic heating is certainly no longer a problem. 

In Fig. 2, Equation [8] is applied to a trajectory which 
might be typical for the launching of an artificial satellite. It 
can be seen that the temperature of the nose remains below 
approximately 3200 R. This is certainly high, but still some- 
what below the melting point of platinum (3600 R) and 
even further below that of some other metals, oxides and 
ceramic materials. Hence, we may conclude that materials 
are available which can stand the intense aerodynamic heat- 
ing at the nose and at Jeading edges. Our cautious approach, 
in fact, will probably exclude a number of cheap and easily 
handled materials. 

We may also conclude that the peak temperature for this 
case will be obtained in the neighborhood of h = 200,000 ft. 
At altitudes of 200,000-250,000 ft the mean free path of the 
air molecules is of the order of 0.01-0.1 in., i.e., no longer 
negligible in comparison with the boundary layer thickness 
near the nose. Hence, a more elaborate calculation of the 
peak temperature would be impossible without considering 
slip flow effects. On the other hand, the mean free path is not 
yet large enough to have the conditions of true free molecule 
flow at some distance from the exposed points of the vehicle. 
To consider the heating of the skin, we will therefore need in- 
formation about the skin friction well into the slip-flow region, 
but not necessarily covering the region of free molecule flow. 


Conservative Estimates for the Skin Temperature 


Equation [8] generally results in temperatures much too 
high to serve as guides for the selection of suitable materials 
for the main parts of the vehicle. It is therefore necessary to 
use methods which are not quite so ultraconservative to 
estimate the skin temperatures. 

Speaking quite generally, the amount of heat absorbed by a 
body in a high speed flow is a certain part x of the work of the 
friction forces. Neglecting heat conduction in the skin and 
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Temperature, Tw 


from the skin into the interior of the body we may write 
3 
Ga M3 — cot.) 


where c, is the friction coefficient for a distance z from the 
nose. Denoting the specific heat capacity of the skin by G 
(ft lb/ft? °R) 


Bt 
specific heat Ee X density kal x 


780 ft Ik 

X thickness [ft]... [10] 
Btu 


Q 


G 


heat equivalent ( 


we obtain the rate of temperature increase with the time ¢ 

This differential equation has to be solved by numerical in- 
tegration, most conveniently by a stepwise calculation with a 
finite time interval. 

In Equation [11], the values of G (possibly variable with 
T,,), and eo can be assumed as known. The Mach number M@ 
and the altitude 4 are known as functions of the time from 
the trajectory; the density p(h) and the sound velocity a(h) 
are known from tables of the standard atmosphere. It re- 
mains thus to introduce suitable assumptions for x and cy. 
x cannot exceed 1. Moreover, it can be generally shown for 
i continuum flow that x = 1/2 if the Prandtl] number is unity and 
if the skin is kept at the ambient temperature 7... If the 


i 2 


tached. Hence, we can use Mangler’s transformation of the 


al Equation [12] is unsuitable for Re > 0, since it results then 
inc;— ©. However, H. Mirels (4) has given an approximate 
| y formula for ¢/pise Which spans the whole range from laminar 
oe as continuum flow to free molecule flow. Using Mangler’s 

tae transformation,‘ Mirels’ formula would yield for a cone 

1.56 — — 1 + (22/m) 
Cfeone = 1.155 Cypiate = ——..[14] 
3 a +t] 

with 

Altitude, h , 

Upper bound for the temperature of the nose for the V Re = at 

trajectory in Fig. 2(a) M ’ rJ0 ‘ 
formula would be well suited for our purpose, except 
the fact that one of the assumptions for its derivation is a 


skin is heated above 7’, x decreases and becomes zero at the 
adiabatic wall temperature 7’,,.. Experimental values of «x 
are quoted to be between 15 and 55 per cent (2, p. 21). Since 
the skin is actually heated to a temperature greater than T’.., 
but probably not as high as T,,,, in a high speed flow of rarefied 
air, the assumption kx 1/2 (independent of T7',) appears 
to be reasonably safe. 

A decision about the friction coefficient c, is much more dif- 
ficult to make. In a supersonic continuum flow past a cone, 
the static pressure is constant along the surface, provided that 
the Mach number is high enough for the shock wave to be at- 


_ boundary layer of a flat plate (3) and obtain for the mean fric- 
tion coefficient of a cone in laminar flow 


UC PBL 


MBL 


is the Reynolds number at the distance x from the vertex of the 
cone. The velocity uw, exists just outside the boundary layer. 
The density p,, and the viscosity ug, are average values, 
evaluated at a reference temperature inside the boundary 
layer. 


constant pressure on the surface of the cone. This is essen- 
tially true for continuum flow with an attached shock wave, but 
it is not quite true under slip flow conditions. The low 
Reynolds number then causes a strong increase of the bound- 
ary layer thickness near the nose so that the pressure distribu- 
tion of the cone becomes somwhat like that of an ogive in an 
inviscid flow. We shall neglect this difference so that the 
subsequent estimate holds for a “body with zero pressure 
gradient.”” The shape of such a body will, of course, depend 
on both the Mach number and the Reynolds number; it will 
have a slightly concave meridian curve instead of the straight 
line for a cone. 

Due to the certain weakness of the formula for c,, a further 
simplification will be justified, especially if it increases the 
values of c,. Introducing for the moment the abbreviation 


_ = — 1 + 


g(z) 


it is easily seen that 


is a very good approximation for g(z) (Fig.'8) In fact, Equa- 
tion [16] yields only 13 per cent more than Equation [15] for 
‘The applicability of this transformation is somewhat ques- 


tionable under the present conditions, especially for conditions 
close to a free molecule flow. However, since the most critical 


heating occurs in the present case below the region of free molecule 
flow, Equation [14] appears to be safe enough for our purpose. 
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z = 0 (free molecule flow) and not quite 2 per cent less than 


K Equation [15] for z = 3, by substituting g* for g. Equation 

e [14] may thus be written 

1 + 1.145 (\/Re/M) ~ M + 

Hence, substituting 

1.76 

M + VRe 
e we obtain values which are abcut 14 per cent too high for 


. laminar continuum flow (M < Re) and about 13 per cent high 
for free molecular flow (Re < M) as compared to values from 
Equation [14]. 
] sistently higher values than from Mirels’ formula with the 


practically the same result (Fig. 4). 
Accepting Equation [18] as a suitable approximation for the 
friction coefficient in rarefied air flow and assuming x = 1/2, 


we obtain the differential equation [11] for the skin tempera- 
ture in the form 

dT M,;? 


G = 0.44p(h)a(h)* — . [19] 


) 

+ (WRe/M;) 

In order to solve this equation, we have still to find the 
Reynolds number (Equation [13]); i.e., we have to make a 
decision about the viscosity and the density in the boundary 
layer. For our purpose, it is sufficient to find a lower bound 
for Re: This will be obtained from a value of pz, which is too 
low and a value of ug, which is too high. 

The average density pz, can be determined from the density 
p, just outside the boundary layer, since the static pressure in 
the boundary layer equals approximately the static pressure 
just outside the boundary layer 


we 


. [20] 
where 7',, is the average temperature in the boundary layer. 
7 We assume 7; and p, as the values of 7 and p on the surface of 
‘ the cone in an inviscid flow; 7',, will be assumed as smaller 
than the stagnation temperature. Thus 


p 
y Put. > [21] 
1+- M,? 
: This inequality holds for undissociated air with a constant 
value of y. Actually y decreases somewhat with increasing 
2 
z 
| 


Los 


1.00 


0.95 


a 


2 3 
(Free Molecule Flow) 


Fig. 3 Comparison between g(z) and g*(z) 
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In the intermediate region, we obtain con-— 


exception of ~/Re/M & 0.4, where the two formulas yield — 


| T 


Formula 
Mc, = 1.56 g(z) 


\ 
1.76 


Mee? 
M 


0 2 3 4 5 


Fig. 4 Comparison between Mirels’ formula for the friction 
coefficient of a body with zero pressure gradient, and the simpli- 


fied formula Cy = 1.76/(M + V Re) 


temperature due to the gradual excitation of vibrational de- 
grees of freedom of the molecules. Neglecting the decrease of 
obviously strengthens the inequality for Thus 


[22] 


> 
PBL 1 (M,?/5) 


Equation [22] holds for temperatures below about 2700 R. 
Above 2700 R, the air starts to dissociate. Since the dissocia- 
tion requires energy, we may assume that the temperature of 
a partially dissociated boundary layer is not higher than the 
free-stream stagnation temperature. However, the number 
of molecules is increased by the dissociation, and hence the 
density at constant pressure decreases in the same proportion. 
The limit is obviously the complete dissociation, where the 
density becomes half the value of Equation [22]. Hence it 
will be conservative to write 


T;{1 M,?/5)].. . [23 
Pau > or 2700° R < + (M;?/5)] [23] 
On a similar basis, we can find conservative estimates for 
viscosity coefficient 4. For undissociated air (definitely for 
T,(1 + (M,2/5)] < 2700 R) the viscosity is a function of the 

temperature only. 

2.3 X +/T lb sec 

= ———___— —— for T < 2700°R..... 24 
+ (20/7) ft ” 


This formula (2, Equation 28) can obviously be simplified to 
— lb 
< 2.3 X 10-8 for Tg, < 2700°R... .{25] 


An approximate formula (2, Equation 30) for partly disso- 
ciated air is 


2.3 X /T 1 Ib sec 
p= + 


where Cy, and C, are the concentrations of molecules and 
atoms, respectively (Cy + C, = 1). Since the expression 
in the parentheses varies continuously from 1 to 1/2 as Cy, 
varies from 1 to 0 (complete dissociation) we have 


<23 X 10° 


for Tp, > 2700°R... . [27] 


These inequalities are strengthened if 7 is replaced by a 
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Fig. 5 Typical trajectory data for an estimate of the skin tem- 
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1 
M, ft? 
[yer (1 + 
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> 2700° R = 


A slight modification of Equation [28] is convenient. The 
fact that us, is approximately proportional to »/7, suggests 
the introduction of the velocity of sound a,, which is also 
proportional to+/7T,. Assuming constant composition of the 
air and constant y = 1.4, we have 


This yields 


x 10 


> 2700°R 


Introducing [22, 23, 30] into [13], we obtain the estimate of 
the Reynolds number 


M 
vg 
(+7) 


With these values of Re, the differential equation [19] can be 
integrated and the result of the integration is likely to be a 


perature in the slip-flow 
Rat t = 120 


value which is too large. We may thus write ee = ,000 ft and 300,000 ft. These data permitted the evalua- 


conservative estimate of the transient skin temperature, at 
least as long as it is rising. 

As a numerical example, let us consider the ascent of a 
satellite launch vehicle. Up to h = 110,000 ft (¢ = 120 sec 
after launching from the ground), the skin temperature was 
calculated by continuum flow theory. It was assumed that 
the skin was made of 0.02-in. stainless steel, with a heat ca- 
pacity G = 80 (ft lb/ft? °R), and that the nose of the vehicle 
was a cone of 10 deg semiangle. It was further assumed that 
the nose had been treated with a coating which raised its 
emissivity (at least in the infrared part of the spectrum) to 
¢ = 0.8 in order to take advantage of radiation cooling. The 
rather thin skin was chosen so that it might heat up quickly to 
temperatures where the radiation cooling becomes efficient. 
Quick heating in the initial stages reduces the total amount of 
heat which is transferred to the skin, and will finally have to 
be radiated away. With these assumptions, the temperature 
at a distance of 4 in. from the tip was found to be about 


Fig. 5 gives the trajectory data between the altitudes of 


tion of the local flow data Mj, pi, a and 7’, just outside the 


boundary layer, from tables of inviscid flow past cones and 


tables of the standard atmosphere. With these values known 
as functions of the time, the differential equation [10] was in- 


by finite differences. 


in formula for Re 
in order to allow for 
dissociation 


1500 


1000 


120 130 140 150 160 170 
Seconds 
Fig. 6 Conservative estimate for the skin temperature 4-in. 
from the nose of a 10° cone (calculation based on trajectory data 
in Fig. 5; specific heat capacity of skin: G = 80 ft lb/ft? °R, e.g., 
0.02-in. stainless steel) 


The result of this calculation is shown in Fig. 6. The maxi- 
mum temperature is less than 1950 R. This is again high, but 
still acceptable for stainless steel, particularly at an altitude 
of 225,000 ft where the dynamic pressure is already small (q ~ 
7 lb ft-*). The altitude of 225,000 ft is approximately equal 
to the altitude of 200,000 ft at which we found the peak tem- 
perature for the similar trajectory of the first example (Fig. 2). 

The temperature curve of Fig. 6 shows a discontinuity of 
the slope at ¢ = 145 sec; a similar discontinuity occurs at the 
beginning of the curve at t = 120 sec. These discontinuities, 
of course, do not occur in reality. They are caused only by 
the principle of the present calculation, namely, that the 
most unfavorable conditions are assumed whenever changes 
of the behavior of the gas are likely to occur. 

(Continued on page 546) * 

5 This result has some significance for the selection of stainless 
steel as a material for the nose cone. A temperature of 800 R is 
only slightly below the point at which aluminum cannot be safely 
used, and the temperature is still rising rather rapidly. Hence, 
we may conclude that aluminum is probably unsuitable for the 
purpose, unless the skin is made excessively thick and 

eavy so that we may rely on it as a heat sink. 
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(Analysis of the boost-phase performance of a rocket- 
boosted missile generally requires the solution of a set of 
differential equations with variable coefficients. Analytical 
methods are difficult and time consuming if not impossi- 
ble. This paper discusses four numerical approaches to the 
solution of the equations for a cruciform, uncontrolled 
missile booster. The first of these, called the ‘‘exact’’ 
method, will yield results which are as accurate as one 
cares to make them. The second, referred to as the *‘semi- 
exact,’’ assumes that deviations from the flight path are 
small and oscillatory. With this assumption the solution 
may be completed in two parts: (a) Computation of the 
speed-time history and (b) substitution of the speed into 
the remaining equations. The accuracy for short time 
oblique launch or for long time vertical launch is as good 
as the ‘“‘exact.”?> The third, applicable under the same 
conditions as the ‘‘semi-exact”’ and referred to as “‘linear 
speed-time history,”’ assumes a constant acceleration from 
launch to the end of boost. The accuracy of this method 
is very good (on the order of 2 per cent for the terminal 
speed) provided the thrust-time diagram is nearly trape- 
zoidal. The fourth, called “iterative solution for separa- 
tion speed,”’ yields an approximate value for the terminal 
speed with accuracy on the order of 2-4 per cent. 

The various uses of the different methods are also 
discussed as well as techniques for including cross winds, 
estimating separation speeds and tolerances allowed in 
estimation of step-wise acceleration. Sample calculations 
for the three approximate methods are given. 


T 
Nomenclature 


a = acceleration, fps? 

c = speed of sound, fps 

Cy, = OCy/%a = rate of change of normal force coefficient 

Cu, = O0Cy/da = rate of change of pitching moment coefficient 

Cy, = OCy/de = rate of change of pitching moment coefficient 
with @ 

Cw = OCy/d6 = rate of change of pitching moment coefficient 
with 6 

(Cp) = zero angle of attack drag coefficient 

D = drag force, lb 

d = general coefficient 

( = general coefficient 

G = defined in Equation [3.2] —— 

q = gravitational constant, fps? 

h = altitude, ft 

K, = fi(mr/mp), correction constant 

= fxmpr/mo), correction constant 

= perpendicular distance from center of gravity of missile 
to action line of thrust, ft 

M = Machnumber = V/C 

m = mass, slugs a. 

mo = total mass at launch, slugs p: 

mp = mass of usable propellant, slugs 

p = atmospheric pressure, lb/ft? =. 

q = dynamic pressure, lb/ft? 


Received Aug. 23, 1956. 
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i = difference between assumed and true acceleration, fps? 
S = reference area, ft? 

S = slant range, ft 
7 = thrust force, lb | 9 

t = time, sec 

= velocity, fps 

X = distance measured along launching line, ft 
Z = distance normal to flight path, ft 

a = angle of attack 

7 = flight path angle 

€ = angle between relative wind and flight path 
0 = angle between missile center line and reference plane — 
nN = angle between reference plane and wind vector u 
p = air density, slug/ft® 


E = estimated condition 
n = iteration number 
m = refers to properties of missile 
0 = initial conditions Co 
R = conditions relative to missile 
s = separation conditions 
= conditions at time ¢ 
t—1 = +r = conditions at preceding time considered (not neces- 

sarily a unit increment of time such as 1 sec) 
w = reference to wind 
Superscripts 


Dots = derivatives with respect to time, e.g., Y = dz/dt aft 


r pre analysis of the performance of a rocket-boosted missile 

during the boost-phase portion of its flight generally re- 
quires that one solve a set of simultaneous differential equa- 
tions with variable coefficients for a large variety of initial 
conditions. Analytical methods of solution are formidable if 
not impossible and consequently ways and means have been 
developed to accomplish the task with minimum possible 
effort while maintaining sufficient accuracy and reliability. 
This paper consists of a collection of four approaches to the 
problem. 

The particular treatment outlined here is for an uncon- 
trolled cruciform missile-booster combination, completely 
symmetrical with respect to any two normal planes passing 
through the longitudinal center line. The extension of the 
methods of unsymmetrical configurations is straightforward 
since it introduces a few additional terms to the existing equa- 
tions and adds one more equation of motion for the yaw . 


Bars = vector quantities 


1 Introduction 


plane. Extension to the case of a controlled missile requires — 
knowledge of control surface servo characteristics but intro-_ 
duces only one or two additional terms. The additional — 
volume of calculations is another matter. 

Since this paper is concerned only with the boost phase per-— 
formance, the word missile is used in the text to mean the — 
missile-booster combination. 


2 Equations of Motion 


The equations of motion with respect to the wind axes of a 
missile symmetrical to two planes which are normal to each 
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= 


= (normal to flight path)...... [1] 


=F, 


=F, = mV, (parallel to flight path)... ......[2] 


=M., 16 (pitch about c.g.)....... 


Summing forces along each of these axes and moments about 

the center of gravity, then taking account of winds and cer- 

tain geometrical relations, we arrive at the following set of 

equations 

Normal to flight path 

mVnty = T sin(a — + Dsin — mg cos y + Cy,aqS 


Parallel to flight path 
mVm = T cos (a — €) — Deose — mgsiny............ [5] 
Pitch about c.g. of missile 


16 = —Cy,aqSd — Cu ,OqSd — Cy,aqSd + T X L...{6] 


Geometry 


Wind effects 


V,, sin (y — A) (9) 


Vr = 


tan € = 


No equation is necessary for the Y direction since a com- 
pletely symmetrical missile would undergo the same motion 
in the XY plane as in the XZ plane with the exception of 
gravity effects. 

These equations are applicable to any flight situation 
wherein the motion would fit the assumption of small dis- 
turbances. The detailed derivation and other assumptions 
underlying these equations may be found in any good text on 
airplane stability (e.g., 1, Chap. 10). One tacit assumption, 
however, is that the missile is free to roll with no cross cou- 
pling between roll and directional maneuvers. 

The simultaneous solution of Equations [4 through 9] would 
yield most of the information one might desire about the 
flight characteristics of the missile. However, due to the 
nonlinear nature of the aerodynamic coefficients, analytical 
solution is difficult if not impossible and one is forced to 
undertake numerical or analog procedures for solutions. 
The rest of this paper will outline two approaches to the com- 
plete solution of the equations and two approaches which by 
making several assumptions reduce the equations to special 
cases for specialized results. Only numerical procedures will 
be considered since analogs involve special techniques too 
involved for this limited paper. 

The first three of the methods to be considered are es- 
sentially numerical integration procedures and as such re- 
quire stepwise (in time) calculation of the various quantities 
which make up the equations. The fourth method is basically 
a method by which one obtains a boost-phase terminal speed 
without stepwise computations. 


A. Exact Analysis 


It is admitted that any solution to a set of differential equa- 
tions other than analytical will not be exact. However, by 
careful and refined numerical procedures one may attain 
answers which may be as close to the exact as may be desired 
for engineering purposes. In view of this, then, “exact’’ is 
used here to indicate that numerical solutions can be obtained 
from Equations [4 through 9] without making additional as- 
sumptions. 

There are several rumerical methods available (2) by which 


* Numbers in parentheses indicate References at end of paper. 
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3 Method of Analysis 


Vr 


HORIZ. REF 


< 


Fig. 1 Coordinate system and sign convention Wie: 


one may obtain solutions to differential equations with vari- 
able coefficients. The simplest and the one most often used in 
boost-phase analysis is the trapezoidal rule, the details of 
which are given in Appendix 1. 

Actually, the exact analysis is seldom undertaken since ex- 
perience has shown that three simple assumptions lead to a 
much easier and faster approach without significant loss of 
accuracy. The new approach will be discussed in the next 
section. 

The exact analysis as outlined here is applicable to any 
flight which does not violate the assumptions of the derivation 
of the equations of motion. 


B. Semi-Exact Analysis 


To proceed to the semi-exact method of solution one makes 
three assumptions as follows: 

1 Small oscillatory deviations from the flight path do not 
affect the velocity of the center of gravity along the flight 
path. This allows one to use an average value of zero for the 
angle of attack a. 

2 The angle ¢ approaches a negligible value quickly. This 
assumption is based on a missile which has a large acceleration 
so that V,, > V,, after a short time. Actually, in computing 
the speed-time history this assumption is not too restrictive. 

3 The missile does not deviate greatly from the initial 
launch angles, or more precisely y ~ Yo. This may be puta 
different way by saying that the gravity drop distance is 
much less than the slant range distance. 

These assumptions allow one to break the solution into two 
parts: (a) The determination of the speed-time history 
alone and (b) solution of the pitch and normal force equa- 
tions using the speed time history. 

Using these assumptions we may rewrite Equation [5] as 


mVm = (T — D) — mgsin Yo............ [5a] 
and since at t = 0, a = 0 then 
and 
mVm = (T — D) — mg sin Q............[5b]- 


It should be noted that if a wind condition exists then a, 
> 0 but may be assumed so for speed-time history calculations 
under assumption 2. However, the wind component along 
should be added to V,, for computing the drag term. 

The procedure from this point is to solve [5b] by the 
trapezoidal rule to obtain a speed-time history and then sub- 
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stitute the values of V thus obtained in Equations [4, 6] vee 


C. Linear Speed-Time History 


which, taken with [7], will yield a complete solution. 


Since the semi-exact method still requires a tedious step- 
wise numerical integration to obtain the speed-time it would 
be expedient to have a faster and simpler method. Such a 
method has been derived (3) by making the additional as- 
sumption that speed is linear with time. In effect this as- 
sumption requires a nearly trapezoidal thrust-time curve. 

To discuss the method we write Equation [5b] fully as 


mVm = — — msin &......... [5c] 


where the constant 0.7 is one-half the ratio of specific heats. 
Since C pp is usually a complicated function of Mach number a 
correct approach requires the trial and error procedure of Ap- 
pendix 1. However, if it is assumed that the speed-time his- 
tory is linear then one may compute the drag for any given 
time. Combining the drag with the thrust and gravity terms 
for corresponding times, one then has an acceleration-time 
history. Integrating this acceleration-time history by the 
trapezoidal rule, one obtains a corrected speed-time history 
which in turn may be combined with the remaining equations 
to complete the solution. Details are contained in Appendix 
9 

The only difficulty in applying this method is in estimating 
the separation or terminal speed, but a reliable method for 
this has been developed and will be discussed in the next 
section. 


D. Iterative Solution for Separation Speed 

A reliable estimate for the separation speed is required for 
Section 3-C and is quite often necessary in evaluating the 
performance of boosters. A simple iterative method has been 
derived by McCalley (4) based on an approach by Walker and 
Henke (5). The equation derived by McCalley is 

Tt. 
Kk, - 
mo — 

pC pS(t, — 1) 


1 
4(mo — impr) 


gte sin 


> 


eins and Cp are selected for the end point or estimated 
separation condition and K, and K;, are selected from Fig. 2. 
The solution of this equation is, then, merely an evaluation of 
the constants and iteration of V to convergence. The details 
underlying Equation [10] are contained in Appendix 3. 

To apply Equation [10] one selects the terminal Cp and p, 
estimates the separation time, and computes the quantities 
indicated to obtain an equation in the form 


d 


Taking any value of V, as a start, Equation [11] is computed 
to yield V,+1, which is then substituted for V, and the equa- 
tion evaluated. This procedure continues until convergence 
is reached. 


4 Accuracy 


When obtaining numerical solutions to differential equa- 
tions there is always some loss of accuracy from the possible 
analytical solution. This is more especially true when using 
the trapezoidal rule which is, from a mathematical standpoint, 
rather crude. However, if care is exercised and incremental 
changes kept small, the errors are negligible from an engineer- 
ing standpoint. Therefore, it will be assumed that the solution 
to the exact analysis 7s exact and the other analyses com- 
pared with it. 

The semi-exact analysis yields practically the same result as 
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Fig. 2 Correction factors for Equation [5] 


the exact, and consequently the error is negligible. In fact, a 
check was made against data measured in an actual flight to 
check separation speed only, and the difference between cal- 
culated and measured end speeds was minute (6). 

An error analysis is very difficult to make on the linear ap- 
proach to speed-time histories. Numerical comparison has 
been made however, and the results show that the difference 
between the semi-exact and the linear speed-time history is 
generally less than 2 per cent when the estimated separation 
speed is between 2 and 4 per cent in error (7). For most tra- 
jectory analyses the linear speed-time history is sufficiently 
accurate since a small error in velocity at any given time does 
not appreciably affect the results. 

The McCalley method of computing separation speeds 
produces errors up to 4 per cent depending on the Mach num- 
ber. It appears (7) that the error increases with increasing 
Mach number, which is not surprising since the method as- 
sumes time-linear drag. Hence the higher the separation 
velocity (Mach number) in a given time, the greater the drag- 
time relation deviates from a straight line and the greater the 
error. 


5 Application 


Now that the various methods are in hand it would seem — 
that a statement on the uses of each would be in order. Ex-— 
perience has indicated the area of usefulness to which each | 
method is suited and the types of problems which have been — 
encountered. 

As must be evident, the exact or, since the difference is _ 
small, the semi-exact analysis is called for whenever the in- 
terest is in the actual flight performance of the missile. Either 
of these will yield time histories of all of the variables in 
question which are essential in computing air-loads, inertia 
loads, dispersions, etc. This field of requirements is self- 
evident and usually no question will arise as to when to use | 
the full analysis. 

If one is interested only in the speed-time history then a 
some conflict appears as to the better method. In fact, even | 
when making the semi-exact analysis, the question arises 
whether an approximate speed-time history, such as ob- 


tained from the linear speed-time method, is sufficient fur_ 
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trajectory analysis. It is the writer’s opinion that it is. This 
opinion is based on the fact that the aerodynamic coefficients 
do not, throughout the largest portion of the boost-phase, 
change radically with Mach number. Thus, if one has a 
small speed error at some step, it is obvious that the forces 
computed are not greatly different from the exact. The error 
thus generated is more than compensated for by the saving of 
time and expense. However, one must judge for himself on 
this point. 

There are times when the separation speed is of the utmost 
importance. For example, a certain minimum speed is re- 
quired for engine starting and there may be a question as to 
whether the booster impulse is sufficient to produce this speed. 
In such a problem the exact or semi-exact speed history as 
opposed to the linear speed-time history is an absolute must 
if nearly exact knowledge of separation speed is to be gained. 

Whenever the problem of booster design arises, there are 
several ways to attack it. First, by using the McCalley 
method one may determine a general area of impulse necessary 
to reach a given speed. The impulse may then be translated 
into more exact speeds by using one of the more refined meth- 
ods. Furthermore, one may show the effects of changes in the 
booster and missile parameters by using the McCalley equa- 
tion. Thus, in an initial design study the McCalley approach 
is extremely useful in setting approximate boundaries. All of 
this presupposes that the propellant characteristics are known 
or estimable as they relate to physical dimensions, gas pres- 
sures, ete. If one is starting with no knowledge of propellant 
characteristics other than specific impulse, then a more re- 
fined approach, such as that developed by Hawley and Fenton 
(8) is required. Booster design is outside the scope of this 
paper and will not be discussed further. 

The McCalley method has demonstrated its usefulness in 
determining changes in separation speed with changes of the 
various parameters. These differences are always of the right 
order of magnitude and the right direction, and are very re- 


liable. 


There are certain details which arise during the actual 
calculations which are sometimes confusing. This section will 
try to clarify a few of the more important ones. 


A. Wind Effects 


First consideration will be given to wind effects and how 
these are included in the various analyses. When using the 
exact analysis one must account for the wind at every step. 
Obviously this amounts to solving Equations [1 through 6] 
without modification, a time consuming task. It should be 
carefully noted that the relative velocity Vz is used in com- 
puting the aerodynamic terms. To illustrate, take Equation 
[5] and write in full 


= T cos(a@ — €) — Cp pS cos € — mgsin y... [12] 


Thus, the V,, refers to acceleration relative to earth, while the 
Vz refers to missile velocity relative to the air. 

The semi-exact method may fortunately be handled a little 
differently. Since the speed of the missile becomes much 
greater than the wind in a very short time then one is justified 
in neglecting the angles a and ¢€ in the computation of the 
speed-time history. However, one must add the wind com- 
ponent along the line yp to obtain the drag at each time-wise 
step. When substitution is made into the remaining equa- 
tions of motion then allowance must be made for the change 
in angle of attack due to wind. 

In the linear speed-time analysis one must assume a velocity 
history based on an average acceleration. To compute the 
drag the relative velocity is used, so that one must add at 
every time-wise step the component of the wind along 7» to 
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the speed-time history computed from the average accelera- 
tion. The same consideration of angle of attack changes must 
be given as in the semi-exact method when complete solutions 
are desired. 

The McCalley equation makes no provision for wind effects 
but it may be considered that the equation always yields the 
relative velocity as the solution. That is, the V obtained by 
iteration already contains a wind component. 


B. Nonlinear Pressure- or Density-Altitude Relations 


In setting up the linear speed-time analysis for solution on 
digital equipment, one encounters the difficulty of nonlinear 
pressure-altitude or density-altitude relations. If, however, 
these relationships are expanded in a Taylor series about the 
altitude of the launching site, then by taking the first two 
terms the pressure (or density) may be determined approxi- 
mately in linear form. It has been found that no substantial 
error is introduced up to an altitude of about 5000 ft above the 
launching site. The same sort of approximation may be made 
for the speed of sound. 


C. Estimated Value of Acceleration »¢ 


In working the speed histories using the semi-exact analysis 
and the trapezoidal rule it has been found that a sizable error 
may be allowed in the estimated value of acceleration (or as 
notated in the Appendix, X). The reason for this is apparent 
through examination of the following: 

Let X;, be the correct value of the acceleration at the end of 
the next time increment, ¥¢ the estimated value, and R the 


difference. Then 
es os 
= At + Xi-1 = 


At + 


x, + Xr 


= At + X,,At + + At 

This shows that the value of X, is in error by the amount of 
(R/4)At®. If At = 0.1 sec and R = 100 fps*, then the error 
in X, is only 0.25 ft with an even smaller change in altitude. 
The error in the speed X; is (R/2) At which, using the same 
numbers as before, is 5 fps. The combination of the small 
change in Mach number and altitude shows that a large error 
in Xx is not serious if small time increments are used. 


er. 
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APPENDIX 1 


Assume the following equation is to be solved 


where the 8, e, and d are, in general, functions of X and t; and 
assume that we have reached the solution of the equation up 
to some time ¢t = 7. 

By extrapolating the past history, or by any means avail- 
able, one estimates the value of X after some small time incre- 
ment (ft — 7) as X;. If the time increment is small enough 
and the functions are behaving smoothly, then an average 
value of ¥ may be calculated for the interval as 
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Then the value of X¥ = X, at the end of the interval is ap- 
proximately 


= +) + ) 


and the value of X = X;, is 


OX, = Xave(t — 7) + 


The values of X, and X, obtained from [1.3 and 1.4] are 
then multiplied by 6 and e, which are selected for ¢ = ¢ and 
x = x,, and added to the value of d selected the same way. 
The sum thus obtained, called the calculated value of X,, is 
compared to the estimated value of X,, and if agreement is at- 
tained one proceeds to the next time increment. If agreement 
is not realized, then X, is estimated again until the estimated 
and calculated values of X, are very nearly the same. 

If in Equation [1.1] 6, e and d are constants or are functions 
ot tonly, then the process becomes iterative, i.e., the value of 
¥, obtained from calculation is used as the estimated value of 
¥,. The process is usually convergent. Obviously, if 6, e 
and d are constants, then an analytical solution is straight- 


forward. a 
- 
APPENDIX 2 - 


Linear Method of Computing Speed-Time Histories 


Assume the following: 
1 The speed-time history is linear. 
2 The separation speed, V,. 
3 The separation time, ¢,. 
With these assumptions one proceeds by calculating an 
average acceleration as 


V, 
Then compute the speed 
P 


and the slant range 
S(t) = Sdav,l? + Vot + So 


The altitude h, is then calculated from S(t) and the speed 
of sound and pressure determined as functions of h as follows 


‘a \ 
| (2.4) 
p = [2.5] 


The drag D as a function of time is then easily found by the 
following steps: 

1 Compute the Mach number M(t) = V(t)/c 

2 Select the drag coefficient corresponding to M(t) at each 
time interval. 

3 Complete the drag calculation by the equation 


D(t) = 0.7CppM°S ...............[2.6] 


where the 0.7 is one-half the ratio of specific heats for air and S 
is the reference area. 

The remainder of the speed history is just a question of 
evaluating the following equation and applying the trapezoid 
rule 


_ T(t) _ Dit) 
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APPENDIX 3 
McCalley Equation 


The McCalley equation is based on a method developed by 
Walker and Henke wherein the drag is assumed to be linear 
with time, Under this assumption plus the additional one 
that the mass varies linearly with time, Walker obtains 


4\[Tt.. 


. [3.2] 


where G= 


McCalley’s contribution comes about by restating the 


Walker equation as 


—Tt, Mp 
“in (1 - asin 
Me Mo 


SC pt m Mr 

2mp? Mo Mo 


ay 


and then expanding the logarithm terms in a series. Taking 
only the first two (linear) terms and applying correction fac- 
tors McCalley derives the expression 


——_ K, — gt, sin 0 


pC 
4(me — 


.. [8.4] 
1+ 

Observation of drag calculations made under more exact 
conditions has led to the conclusion that the drag is linear not 
from ¢ = 0 but from ¢ = 1 see. This fact in turn leads to a 
modification of Equation [4] which is more nearly in keeping 
with the physical situation 

Mo — 
CpS(t, — 1 
— 


K, — gt, sin 0 
[3.5] 


Vat2 = 


The correction factors K, and K, are given in Fig. 2. 

It should be noted that the value of 7 shown here is an 
average one which will give the proper impulse between ¢ = 0 
ane f= 


APPENDIX 4 
Sample Calculations 
Since this paper is concerned primarily with the approximate 
methods of obtaining the speed-time history for use in tra- 
jectory analyses or with obtaining an estimated terminal speed 
and not with a complete trajectory study, calculations have 
been prepared to illustrate the techniques of the approxi- 
mations only. The thrusts, masses, times, ete., do not 
necessarily represent any known missile but are selected to 
demonstrate the techniques. 
The following data were used in all three sample calcula- 
tions 


Mass, slugs m = 200 — 25t 
Thrust, pounds T = 9,000,000f,0 < ¢ < 0.01 sec 
90,000, 0.01 < t < 1.95 see 


3,600,000 — 1,800,0002, 1.95 < 
< 2.0 sec 


Drag coefficient Cp, = 05,0 < M <08 

= 0.25M + 0.3,0.8 < M < 1.2 

= 0.6,1.2 <M 
Reference area S = 4.0 ft? 
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Atmospheric 2116 — 0.0724h Ib/ft?, O <h< 960.04 — 35.35 
5000 ft = = 474.2 fps? | 
Speed of sound = 1149 — 0.00355h fps, 0 < h < ‘ 
5000 ft McCalley Approximation 
Launch angle = Yo = 45 deg 
Wind speed V. = 50 fps (headwind) Tt ey. a 
Hence Ve = VVn? + Vu? + cos 8, Vati = “pC — 1) 
- 
met test = 1.95 sec = 0.002203 slugs/ft* g = 32.2 fps? 
_ The sample calculations for the semi-exact method are = 0.51 sin 6 = 0.707 
shown in Table 1 and for the linear speed-time history in = 175,500 lb-sec a ee 
Table 2. The McCalley approximation is shown at right. = 1.95 sec Mo ; 

Note that the acceleration used in the linear speed-time = 4 ft? a Ki = 1.0075 ; 
history was obtained from the McCalley approximation as = 200 slugs K2 = 1.005 te 
follows = 50slugs 

Table 1 Semi-exact speed-time history A 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
AVm, fps, AS, "4 Vr, fps, 
+ + Vin? W/2 
Vm(est.),  (22)r] fps, (5)z] Si, ft, h, ft, | 
t, seer, Sec fps? X[(t — r)/2] + X[(t — 7)/2] (6): + (7) sin c, fps p, lb/ft?L X cos 
0 0 0 Sota 0 0 0 0 1149 2116 50 
0.1 0 430 21.5 lo 21.5 1.08 1.08 0 1149 2116 66.95 
0.2 0.1 436 43.30 — 64.8 3.29 4.37 3.09 1149 2116 106.21 
0.3 0.2 444 44.13 108.93 8.69 13.06 9.23 1149 2116 148.55 
0.4 0.3 451 44.72 153 .65 13.13 26 .20 18.52 1149 2115 192.41 
0.5 0.4 455 45.27 198.92 17.63 43 .83 30.99 1149 2114 263 .92 
0.6 0.5 463 45.89 244.81 22.19 66.01 46.67 1149 2113 282.31 
0.7 0.6 470 46 .64 291.38 26.81 92.82 65.62 1149 2111 328.64 
0.8 0.7 477 47 .30 338 . 68 31.50 124.32 87.90 1149 2110 375.70 
0.9 0.8 481 47.82 386 .50 36.26 160.58 113.53 1149 2108 423 .33 
1.0 0.9 488 48.50 435 .00 41.08 201.65 142.61 1148 2106 471.68 
I 1.0 494 49.13 484.13 45.96 247 .61 175.11 1148 2103 520.68 
1.2 | 501 49.82 533 .95 50.90 298.51 211.11 1148 2101 570.40 
1.3 1.2 509 50.57 584.52 55.92 354.43 250 .66 1148 2098 620.88 
1.4 1.3 516 51.27 635.79 61.02 415.45 293.81 1148 2095 672.07 
1.5 1.4 523 51.98 687.77 66.18 481.63 340.61 1148 2091 723 .98 
1.6 1.5 531 52.78 740.55 71.42 553.05 391.12 1148 2088 776.71 
1.7 1.6 539 53.52 794.07 76.73 629.78 445.39 1147 2084 830.18 
1.8 1.7 544 54.15 848 .22 82.11 711.89 503 . 46 1147 2080 884.28 
1.9 1.8 554 55.04 903 . 26 87.57 799 . 46 565.39 - 1147 2075 939.28 
1.95 1.9 558 27.81 931.07 45.86 845 .32 597 .64 1147 2072 967 .07 
2.0 1.95 —38 13.00 944.07 46.88 892.20 630.97 1147 2070 980.06 
(12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) 
Vin, 
qs, lb T/m, D/m, g sin 6, fps? 
M M? 78 X D, |b, mass, Thrust, fps? fps? fps? (19) — (20) 
(11) 7 (9) (12)? (10) (13) Cy (14) X (15) © slugs Ib (18) X (17) (16) X (17) 32.2 sin 0% — (21) 
0.0435 0.00189 11.20 0.5 5.60 200 0 0 0.028 22.77. on launcher 
0.058 0.0034 20.14 0.5 10.07 197.5 90,000 455.70 0.0510 22.77 432.88 
0.0924 0.00854 50.60 0.5 25.30 195 90,000 461.54 0.130 22.77 438 . 64 
0.129 0.0166 98.35 0.5 49.18 192.5 90,000 467 .53 0.255 22.77 444.51 
0.168 0.0282 167.00 0.5 83.50 190 90,000 473 .68 0.439 22.77 450.47 
0.206 0.0424 250.97 0.5 125.48 187.5 90, 000 480.00 0.669 22.77 456.56 
0.246 0.0605 357.95 178.98 185 90,000 486.49 0.967 22.77 462.75 
0.286 0.0818 483.50 0.5 241.75 182.5 90,000 493.15 1.325 22.77 469.06 
0.327 0.1069 631.57 0.5 315.79 180 90 ,000 500.00 1.754 22.77 475.48 
0.368 0.1354 799.18 0.5 399.59 177.5 90, 000 507.04 2.251 22.77 482 .02 
0.411 0.1689 995.97 0.5 497 .98 175 90,000 514.29 2.846 22.77 488 .67 
0.454 0.2061 1213.60 0.5 606.80 172.5 90, 000 521.74 3.518 22.77 495.45 
0.497 0.2470 1464.82 0.5 732.41 170 90 , 000 529.41 4.308 22.77 502.33 
0.541 0.2927 1719.44 0.5 859.72 167.5 90,000 537.31 5.133 22.77 509.41 
0.585 0.3422 2007.35 0.5 1003 .68 165 90,000 545.45 6.083 22.77 516.60 
0.631 0.3982 2331.38 0.5 1165.69 162.5 90 , 000 553.85 2.173 22.77 524.61 
0.677 0.4583 2679.40 0.5 1339.70 160 90,000 562.50 8.373 22.77 ' 531.36 
0.724 0.5242 3058.81 0.5 1529.40 157.5 90,000 571.43 9.711 22.77 538.95 
0.771 0.5944 3461.79 0.5 1730.90 155 90 , 000 580.64 itz 22.77 546.75 
0.819 0.6708 3897.35 0.505 1968 . 16 152.5 90,000 590.16 12.905 22.77 554.48 
0.842 0.7090 4079.59 0.510 2080.59 151.25 90,000 595.05 13.756 22.77 558.52 
0.854 0.7293 4227.02 0.514 2172.69 150 0 0 14.456 22.77 —37.26 
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Table 2 Linear speed-time history 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Vm = at S = jal? h = Ssin & Ve M M? qs, lb 
(2) X (1), (3) X (1) (4) X 0.707, C, P; (3) + 35.35, 2.8 X (7) 
t,see a, fps? fps 3 ft ft fps lb/ft? fps (8)/(6) (9)? xX (10) 
0 0 0 0 0 1149 2116 35.35 0.031 0.00096 5.69 
0.1 474.2 47.42 2.371 1.676 1148 .994 2115.879 82.77 0.0720 0.0052 30.807 
0.2 474.2 94.84 9.484 6.705 1148 .976 2115.515 =130.19 0.1133 0.0128 75.820 
0.3 474.2 142.26 21.339 15.087 1148 .946 2114.908 177.61 0.1546 0.0239 141.530 
0.4 474.2 189.68 37 .936 26.821 1148 .905 2114.058 225.03 0.1959 0.0384 227 .304 
0.5 474.2 237.10 59.275 41.907 1148. 851 2112.966 272.45 0.2371 0.0562 332.496 
0.6 474.2 284.52 85.356 60.347 1148 .786 2111.631 319.87 0.2784 0.0775 458 . 224 
0.7 474.2 331.94 116.179 82.139 1148.708 2110.054 367.29 0.3197 0.1022 603.813 
0.8 474.2 379.36 151.744 107 .283 1148.619 2108.233 414.71 0.3611 0.1304 769.758 
0.9 474.2 426.78 192.051 135.780 1148.518 2106.170 462.13 0.4024 0.1619 954.769 
1.0 474.2 474.20 237.100 167 .630 1148. 405 2103.864 509.55 0.4437 0.1969 1159.90 
1.1 474.2 521.62 286.891 202.832 1148. 280 2101.315 556.97 0.4850 0.2352 1383 . 84 
1.2 474.2 569.04 341.424 241.387 1148. 143 2098.524 604.39 0.5264 0.2771 1628.20 
1.3 474.2 616.46 400.699 283 . 294 1147 .994 2095.490 651.81 0.5678 0.3224 1891.64 
1.4 474.2 663 .88 464.716 328 .554 1147 .834 2092.213 699.23 0.6092. 0.3711 2173.98 
1.5 474.2 711.30 533.475 377 . 167 1147 .661 2088 .693 746.65 0.6506 0.4233 2475.60 
1.6 474.2 758.72 606 . 976 429.132 1147 .477 2084 .931 794.07 0.6920 0.4789 2795.73 
Be 474.2 806.14 685.219 484 . 450 1147 .280 2080.926 841.49 0.7335 0.5380 3134.71 
1.8 474.2 853 . 56 768 . 204 543.120 1147 .072 2076.678 888.91 0.7749 0.6005 3491.73 
1.9 474.2 900.98 855.931 605. 143 1146 .852 2072.188 936.33 0.8164 0.6665 3867 . 12 
1.95 474.2 924.69 901.570 637.410 1146. 737 2069.852 960.04 0.8372 0.7009 4062.13 
(12) (13) (14) (15) (16) (17) (18) (19) (20) (21) 
D D/m T/m g sin 6 a AV Vie 
(11) X (12), m, (13)/(15),  (14)/(15), 32.2 & .707, (17) — (16) (19), + (19)- (20), + (21), 
—(18), 2 
Cp Ib Ib slugs fps? fps? fps? fps? (t — r)z fps 
0.5 2.84 0 200 0 0 0 
0.5 15.40 90, 000 197.5 0.0780 455.70 22.7654 432.86 21.6 21.6 
0.5 37.91 90,000 195 0.1944 461.54 22.7654 438.58 43.57 65.17 
0.5 70.77 90, 000 192.5 0.3676 467 .53 22.7654 444.40 44.15 109.32 
0.5 113.65 90 ,000 190 0.5982 473.68 22.7654 450.32 44.74 154.06 
0.5 166.25 90,000 187.5 0.8867 480.00 22.7654 456.35 45.33 199.39 
0.5 229.11 90,000 185 1.2384 486 .49 22.7654 462.49 45.94 245 .33 
0.5 301.91 90,000 182.5 1.6543 493.15 22.7654 468.73 46.56 291.89 
0.5 384.88 90,000 180 2.1382 500.00 22.7654 475.10 47.19 339.08 
0.5 477 .38 90,000 177.5 2.6895 507 .04 22.7654 481.59 47.83 386.91 
0.5 579.95 90,000 175 3.3140 514.29 22.7654 488 .21 48.49 435.40 
0.5 691.92 90,000 172.5 4.0111 521.74 22.7654 494.96 49.16 484.56 
0.5 814.10 90,000 170 4.7888 529.41 22.7654 501.86 49.84 534.40 
0.5 945.82 90,000 167.5 5.6467 537.31 22.7654 508 . 90 50.54 584.94 
0.5 1086.99 90,000 165 6.5878 545.45 22.7654 516.10 51.25 636.19 
0.5 1237.80 90,000 162.5 7.6172 553.85 22.7654 523.48 51.98 688.17 
0.5 1397 . 87 90,000 160 8.7367 562.50 22.7654 531.00 52.72 740.89 
0.5 1567 .36 90 , 000 157.5 9.9515 571.43 22.7654 538.71 53.49 794.38 
0.5 1745. 87 90,000 155 11.2637 580.65 22.7654 546.62 54.27 848.65 
0.504 1949.03 90,000 152.5 12.7805 590.16 22.7654 554.61 55.06 903.71 | 
0.509 2067.62 90,000 151.25 13.6702 595.04 22.7654 558.60 27 .83 931.54 
-ferenc 
1 Perkins, Courtland D., and Hage, Robert E., “Airplane 
0.002203 0.51 XK 4(1.95 — 1) F Performance Stability and Control,’’ John Wiley, 1949. 
1+ 4(166.67) (1.005) Vn 2 Scarborough, J. B., “Numerical Mathematical Analysis,’’ 
a 2nd ed., The Johns Hopkins University Press, Baltimore, 1950. — 
1010.37 — 44.39 Brown, R. C., ‘Preliminary Boost-Phase Performance of 
9.0042907 = the TALOS 6bW1 Weapon,’’ McDonnell Aircraft Corporation 
—_—— V, Memo 4712, AWM-83, Dec. 1954. 
666.68 4 McCalley, R. B., “A Simplified Method of Making Ap- 
proximate Boost Velocity Calculations,’? APL/JHU 
Vi = 965.98 fps Memorandum 1572, Sept. 1953. a 
, 5 Letter from J. H. Walker and J. C. Henke to J. F. R. Floyd | 
v.-z 965.98 = 959.63 fps on “Nomograph to Determine Booster Terminal Velocity,’’ May 
1.00622 27, 1949. 
6 West, C. D., ‘Analytical Determination of S/N 48 Boost- 
F 965.98 ’ Phase Separation Speed,’’ APL/JHU Eng. Memo. 2390, Dec. 1955. 
V3 = 1.00618 — 960.05 fps ; 7 West, C. D., “Comparison of Methods for Computing _ 
Separation Velocities,’’ APL/JHU Eng. Memo. 2158, Feb. 1955. 
965.98 : 5 - 8 Hawley, W. W., and Fenton, W. H., “A Method for De- 
= 960.04 fps termining Booster Rocket Requirements,’’ APL/JHU CF-2350, 
1.006183 March 1955. 
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‘The feasibility of a reaction device operating on inter- 


mittent gaseous detonation waves is considered. The 
results of a simplified theoretical analysis are presented 
and discussed. Preliminary experiments were conducted 
to determine the impulse derived from a single detonation 
wave and to investigate some of the more influential pa- 
rameters: These tests were effected by suspending the 
detonation tube as a pendulum. A cyclic detonation tube 
was designed and operated utilizing hydrogen-air mix- 
tures. Measurements of thrust, fuel flow, air flow, and 
temperatures were obtained over a range of operating con- 
ditions. Specific impulses of over 2100 sec were realized, 
which was in good agreement with the predicted perform- 
ance. 


Nomenclature 
a = speed of sound 
4 = area 
f = per cent fuel by volume 
= specific impulse, lb thrust/Ib fuel per second 
L = length 
m = molecular weight : 


Intermittent Detonation as a Thrust-Producing Mechanism 
ae J. A. NICHOLLS,? H. R. WILKINSON: AND R. B. MORRISON‘ 


University of Michigan, Ann Arbor, Mich. 


; by Bitondo, Bollay and Kendrick (6, 7). 
predicted results lay in the intermediate specific impulse 


operating intermittently on detonation waves might afford 
some advantages. Consequently, a theoretical analysis was 
made in 1952 in order to investigate the feasibility of such a 
cycle (3). These results indicated that, in general, very high 
specific thrusts (thrusts per unit combustion chamber area) 
could be attained but at the expense of specific impulse. 
However, in the case of hydrogen-air mixtures the results 
were the reverse; high specific impulses were indicated but 
at relatively low specific thrust. It appears that an inter- 
mittent detonation engine would offer many advantages. 
Selection of the proper fuel could materially affect the operat- 
ing characteristics so that a range of applications is possible. 
Also the engine would be capable of static thrust as well as 
efficient operation at supersonic velocities. Hence, it could 
bridge the gap between the pulsejet and ramjet. Mechan 
ically, the engine could be extremely simple with few or no 
rotating parts. 

On the basis of this preliminary analysis, the research pro- 
gram described herein was initiated for the purpose of ex- 
ploring experimentally the possibility and feasibility of an 
engine operating on intermittent detonative combustion. 
At the time this work was initiated, no information was avail- 
able on any previous work on this subject. Subsequently, 
it was found that Hoffman (4) of Germany had successfully 
operated an engine on intermittent detonation in 1941. A 
summary of his work was included in an earlier progress re- 
port (5). 

Analytical work relating to this subject has been reported 
In general, their 


and specific thrust ranges. They conclude that a pulsating 
detonation engine has profitable application to helicopter 
propulsion. 


Analysis 


As mentioned earlier, theoretical calculations on the per- 
formance of a reaction device operating on intermittent det- 
onation waves indicated favorable aspects of such a cycle 
if it could be realized physically. It is intended to review 
briefly these results as well as some of the fundamental char- 


acteristics of detonative combustion. 


M = Mach number 

P = pressure 

Q = heat release 

R = universal gas constant 

7 = temperature 

= time 

tp = time for detonation to traverse length L a 

= time for rarefaction to traverse length L 

ty = time to introduce fresh charge a ha 

te = time for one cycle 

V = velocity 

wy = weight flow of fuel per unit time Sis 

ws, = weight of fuel per cycle 

= weight flow of oxygen per unit time 

wo, = weight of oxygen per cycle 

y = ratio of specific heats 

p = density 

Q = stagnation condition or oxygen 

= conditions in unburned gas 

2 = conditions in burned gas 

3 = conditions at plateau behind detonation wave e 

f = fuel 


Introduction 


N THE course of investigations on gaseous detonative 
combustion (1, 2)* it occurred to the authors that an engine 
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A detonation wave is conventionally treated as a shock 
wave followed by combustion. If we consider a stationary 
gaseous detonation wave in a constant area duct, the hydro- 
dynamic analysis may be readily formulated and is merely 
the problem of heat addition to a one-dimensional stream. 
Referring to Fig. 1, the conservation equations and an equation 
of state may be written as 


R 


Rearranging the momentum equation and introducing the 
equation of state and Mach number 


>, M2 
4 [4] 


JET PROPULSION 


/ V 
t 
} 
s 
t 
| s 
i 
a 
j 
a 
tl 
n 
P 
W 
tc 
di 
sl 
Ww 
m 
nl 
cl 
al 
de 
Li 
al 
er 
ti 


we 


UNBURNED GAS (1) ; BURNED GAS (2) 


j Fig. 1 Detonation wave in a constant area duct 


where J, will be referred to as the Mach number of detona- 
tion. The hydrodynamic analysis predicts that M2, the 


Mach number of the burned gases relative to the front, may _ 


be subsonic, sonic or supersonic. These processes corre- 

spond, respectively, to strong detonation, Chapman-Jouguet 

detonation and weak detonation. The latter type can be 

shown to violate entropy considerations while strong detona- 

tion has never been observed in the stable state. It is an 
experimental fact that the Chapman-Jouguet detonation is 

the type experienced, although under certain conditions it 

should be possible to generate stable, strong detonations (1, 

8). In view of these considerations, M, = 1 and the pres- 

sure ratio across the detonation wave becomes 


P, 1 


a 


The ratios of temperature, density and stagnation pressure 
across the detonation wave may be readily derived and are 


pi v2 1+ mM? 


+ 1\72:/2-) 
2 ) 


Po 1+ 2 [ 
2 


In the case of a flame tube the pressure established behind 
the detonation wave, as indicated by Equation [5] will be 
modified by trailing rarefaction waves. Hence, the pressure 
>, will be reduced to a plateau pressure P3. This plateau 
pressure is related to the peak pressure by the relation 


P; P. 1 2y2/(y2—1) 
2 


where M2, is the Mach number of the burned gases relative 
to a fixed point on the flame tube. For Chapman-Jouguet 
detonation, this is a subsonic Mach number whereas for 
shock waves it could be either subsonic or supersonic. 

As can be seen from the relations derived, the fundamental 
parameter in expressing the changes across a detonation 
wave is the Mach number of detonation. Consequently, a 
general range of the pressures and temperatures involved 
may be obtained by plotting the ratios against the Mach 
number of detonation if simplifications are made as to the 
changes in y and molecular weight. Such a plot is shown in 
Fig. 2 wherein it was assumed that y,; = 1.4, ye = 1.15, 


and m:/m, = 1.0. Typical values of the Mach number of 
detonation range from about 3.0 to 10. 

The above characteristics are, of course, influential in the 
thrust-producing ability of intermittent detonation waves. 
Let us consider a detonation tube of uniform cross-sectional 
area A and length LZ. A spark plug is located at the closed 
The intermittent detona- 


end while the other end is open. 
tion cycle visualized is: - 
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1 Introduction of the gaseous detonable mixture. 
2 Initiation of a flame front at the closed end by energiza- 
tion of the spark plug. 

3 Development of a detonation wave from the flame 
front. 

4 Reflection of rarefaction waves as the detonation wave 
reaches the open end of the tube. 

5 Gradual exhausting of the burned gases as the rare- 
faction waves move upstream and reflect from the closed 
end as a further rarefaction. Eventually, the tube reaches 
subatmospheric pressures so that compression waves are 
reflected from the open end. 

6 Introduction of the fresh charge for the next cycle. 


< ist 60 
as a” 1.4 
a 
te) 2 4 6 8 10 


MACH NUMBER OF DETONATION-M, 


Fig. 2 Properties of detonation waves 


A detailed analysis of the unsteady flow thermodynamic 
cycle would be exceedingly complex and lengthy. Further- 
more, there would still be ambiguity because the mathe- 
matical description of the transition of flame front to det- 
onation cannot be readily formulated. Accordingly, a number 
of simplifying assumptions were made in the original analysis 
in order to obtain an engineering evaluation of an inter- 
mittent detonation engine. These assumptions were: 

1 Chapman-Jouguet detonation is established immedi- 
ately at the closed end of the tube. 

2 The rarefaction wave returns as a discontinuity and at 
sonic velocity corresponding to state 2. 

3 This original rarefaction wave reduces the pressure 
level of the tube to atmospheric pressure so that all subse- 
quent reflections are neglected. 

4 Introduction of the fresh charge takes place at atmos- 
pheric pressure. 

5. No valving or frictional losses are involved. 

In view of these simplifying assumptions a thrust-time 
history would appear as shown in Fig. 3. The average 
thrust may be evaluated by 


te 

F 
Favg = = 10] 


P; 
F =(P;— P\)A = AP, (2-1)... 
1 


the equations derived earlier may be used to obtain the equa- 
tion for average thrust as 


1 M,?2 2y2/(y2 —1) 
t t, 
ow k 
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the specific impulse may be written 


A modified thrust term may be utilized for purposes of cal- 

culation, i.e. 


Reference (3) shows the results of these calculations for a 
number of gaseous mixtures. Particular assumptions made 
in the calculations were that P; = 14.7 psia, 7, = 528 R, 
and y2 = 1.15. Experimental values of the velocity (and 
hence Mach number) of detonation were utilized. The theo- 
retical results for acetylene-oxygen and hydrogen-air mixtures 
are reproduced in Fig. 4. 

The specific impulse may be evaluated from the relation 


Fave 
wy + Wo 


= 


In those cases where the oxidant is oxygen, the propulsion 
system is penalized for the rate of oxygen flow as well as 
the rate of fuel flow. 


In view of the relations 
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PERCENT FUEL BY VOLUME 


mittent detonation 


. 4 Theoretical thrust and impulse characteristics of inter- _ 


1 oy. 1 2 D 
Lip,f + — 
=> ‘The length ZL may be eliminated by expressing tp and ¢, in terms 
= of L and the respective velocities so that 
\ 1 v2 2 f 
ty tyt tr te 1 (1 + ¥2) 
TIME 1 


The results of these calculations for the same two gases are 
also included in Fig. 4. 


Measurements on a Single Detonation Wave 


The theoretical analysis just discussed involves a number 
of simplifying assumptions that could prove to be all im- 
portant to the successful operation of an intermittent det- 
onation engine. In order to isolate some of these parame- 
ters it was decided to perform preliminary experiments on a 


( 
single detonation wave. It was felt that this approach would ( 
be more fruitful than a direct attempt at intermittent det- I 
onation where the detailed wave processes would be ob- I 
scured. Accordingly a detonation tube was fabricated and I 
suspended from the ceiling as a pendulum. The particular 4 
mixture to be studied was premixed in a stainless steel res- I 
ervoir and admitted to the detonation tube by means of a t 
detachable line and petcock arrangement. After purging ¢ 
the tube with the mixture, the petcock was closed, the fuel a 
line detached, and the downstream end of the tube sealed a 
with a paper diaphragm. The mixture was ignited by a 
conventional spark plug or glow plug. ¢ 

The impulse derived from the ensuing detonation wave 7 
was determined experimentally by noting the deflection of n 
the pendulum. Additional information was obtained from I 
a Schaevitz accelerometer which was mounted at the center 
of the detonation tube. Hence information could be gained 0 
as to the variation of thrust with time. The output of the i 
accelerometer was displayed on an oscilloscope and photo- h 
graphed by means of a Polaroid land camera. The experi- 
mental arrangement and instrumentation for all of the pen- t 
dulum measurements are shown in Fig. 5. T 

SUSPENSION a 

| t 
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Fig. 5 Instrumentation for pendulum experiments ti 
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PERCENT HYDROGEN BY VOLUME 
Fig. 6 Impulse derived from hydrogen-oxygen detonations 


The differential transformer amplifier served as a power 
supply and amplifier for the accelerometer while the audio 
oscillator and blanking pulse generator established the time 
base by blanking out the trace at desired time intervals. A 
single sweep on the oscilloscope was effected by the discharge 
of the spark.® 

Representative runs showing the variation of impulse with 
volumetric mixture ratio for hydrogen-oxygen and acetylene- 
oxygen detonations are shown in Figs. 6 and 7, respectively. 
Comparison with theory was effected by dividing the im- 
pulse by the weight of mixture in the detonation tube. The 
results for hydrogen-oxygen reveal very good agreement 
between experiment and theory for mixtures richer than about 
40 per cent. This mixture ratio corresponds to the dividing 
line between relatively clean detonations and those where 
the combustion tends to lag the shock front. This lag in- 
creases as the mixture is leaned further. It appears reason- 
able that the leaner mixtures require greater time to detonate 
and consequently the impulse is lowered. 

It might be noted from the figure that the specific impulse 
continues to increase beyond the point of maximum impulse. 
This effect is attributable to the decreasing weight of the 
mixture with increasing hydrogen, which is sufficient to over- 
balance the reduction in impulse. 

The results for the acetylene-oxygen experiments reveal 
only fair agreement with theory. It might be noted that the 
impulse obtained is about three times that realized with 
hydrogen-oxygen mixtures. 

Fig. 8 shows the variation of acceleration (proportional to 
thrust) with time for a 50 per cent acetylene-oxygen mixture. 
The simplified theoretical prediction is shown for comparison. 
In Fig. 7 it can be noted that this mixture gave good agree- 
ment between measured and predicted impulse. In view of 
Fig. 8, this merely implies that the area under the theoretical 
and experimental curves is the same but obviously the thrust- 
time history is markedly different. Time equals zero in 
Fig. 8 represents the time of spark plug energization so that 
the delay in establishing detonation is evident. Part of this 
delay, however, is the finite time for the force to be trans- 
mitted longitudinally through the tube walls and to the ac- 
celerometer. 

The rarefaction zone, assumed as a discontinuity for sim- 
plicity in the theoretical calculations, is seen to gradually 
reduce the pressure so that the time of the thrust-producing 
cycle is materially lengthened. The maximum acceleration 
(and hence pressure) as indicated by the accelerometer is 
undoubtedly somewhat lower than that actually experienced 
because of the finite frequency response of the accelerometer 
(about 800 eps). 

Additional experiments were conducted in the pendulum 


6 The assistance of E. J. Schaefer in resolving the instrumenta- 
tion difficulties is gratefully acknowledged. 
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: Fig. 7 Impulse derived from acetylene-oxygen detonations 


mounted detonation tube which sought to determine the 
effect of: (a) Various size orifices and diaphragm materials 
at the exhaust end, (b) supersonic nozzle at the exhaust end, 
(c) delay in the initiation of detonation, (d) collision of a det- 
onation wave with a gaseous interface (such as would occur 
when the tube was not completely filled with the unburned 
mixture). 

For greater detail on any of the pendulum experiments 
the reader is referred to (5, 9, 10). 


Cyclic Detonation Tube 


The initial attempt (10) at achieving intermittent detona- 
tive combustion was made on a tube of about 1 in. ID and 
6 ftin length. Hydrogen and oxygen were injected separately 
through check valves and impinged on the automotive-type 
spark plug at the closed end of the tube. Operation of this 
tube did not prove successful as the first detonation resulted in 
continuous burning of the ensuing fresh charge. The charg- 
ing system was altered so that the fresh gases were directed 
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Fig. 8 Detonation tube acceleration vs. time for 50 per cent 
acetylene-oxygen detonation 
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coaxially downstream at a velocity of around 150 fps. The 
spark plug was located at about 10 tube diameters down- 
stream of the initial mixing plane of the two gases. 

Hydrogen-oxygen mixtures were tried on the revised tube 
and again the same difficulty was experienced. Further 
tests were made with the spark plug in different locations. 
The results were the same but it was noted that the tube walls 
always got hot immediately downstream of the active spark 
plug. Evidently the initial detonation was sufficient to es- 
tablish the spark plug or the walls as a flameholder. 

Successful cyclic detonative operation of the same tube was 
achieved in January 1955 by utilizing hydrogen-air mixtures. 
With the mixture ratio adjusted correctly the tube fired in 
very sharp, clear, even explosions and estimated frequencies 
of 35 eps were attained. 

This tube was mounted and instrumented so that meas- 
urements of thrust, air flow, hydrogen flow and temperature 
could be made. The tube details are shown in Fig. 9. As 
shown, hydrogen was introduced in the downstream direction — 
by means of a length of standard */;-in. pipe. An air mani-— 
fold surrounding the hydrogen injector was fed by eight inlet | 
lines and served to admit the air coaxially with the hydrogen. — 
A 0.090-in.-diam orifice was located in the hydrogen line at — 
the inlet to the tube so as to prevent partially gas dynamic — 
coupling between the charging line and the detonation tube. 
Similarly, a 0.125-in.-diam orifice was placed in each of the 
air lines. The three thermocouple locations and spark plug — 
location are indicated on the figure. Initial tests were made | 
where the spark plug was located 2 and 5 in. downstream of the | 
initial mixing plane. These positions produced spasmodic | 
firing so the position 10 in. downstream was used in all tests — 


two 80 cu ft, high pressure, air-storage vessels. These vessels 
were ordinarily charged to about 1000 psi by means of two | 
Ingersoll-Rand compressors although the system has a po- — 
tential of 3000 psi. The air flow was regulated by means of 
two Grove dome control valves connected in parallel. Bot-_ 
tled nitrogen with a regulator was used to control the 
dome pressure. The air flow was measured by a 0.284-in.- 
diam orifice in a 3-in. pipe. The hydrogen flow was con- 
trolled by means of a regulator on a commercial gas cylinder. 
The flow was metered by a 0.106-in.-diam orifice in a 1-in. 
pipe. During operation of the cyclic detonation tube no 
unsteadiness was experienced in the air orifice readings so 
that the average flow rate was obtained. The pressure drop 
across the hydrogen orifice did oscillate, but not severely. 
Upstream orifice pressures were read on a Bourdon-type 
pressure gage and the orifice pressure drops were read on 
mercury manometers. 

An automotive-type spark plug was used with the conven- 
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Fig. 9 Cyclic detonation tube 
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tiona] distributor and spark coil arrangement. The distribu- 
tor was driven by a variable-speed brush-controlled motor 
so that cycling frequency could be varied as desired. 

Three platinum-platinum +0.10 rhodium thermocouples 
were mounted along the tube as shown in Fig. 10. The 
junctions were arranged so that a gas temperature near the 
tube wall would be obtained. The response time of the ther- 
mocouples restricts the measurements to average values al- 
though qualitative cyclic changes were discernible. The 
outputs of the thermocouples were fed to galvanometer 
movements of a 50-channel Consolidated Recording Oscillo- 
graph, Type 5-119. The data were recorded photograph- 
ically and then developed on the Consolidated Oscillogram 
Processor, Type 23-109. 
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Fig. 10 Experimental arrangement for intermittent detonation 
tests 
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Fig. 11 Thrust vs. fuel-air ratio for various frequencies 


thrust end of the tube to the free end of a cantilever beam. 
Two active SR-4 strain gages, one in tension and one in 
compression were mounted near the supported end of the 
beam so that the thrust could be calibrated in terms of the 
bending stresses. Two dummy strain gages of the same type 
completed the bridge circuit. A Consolidated Bridge Bal- 
ance, Type 8-108, was used as the control link between the 
strain gages and oscillograph. The thrust readings were 
restricted to average values. Although good frequency re- 
sponse was desired, it had to be sacrificed in order to get 
sufficient strain-gage output.’ 

The experimental procedure in making test runs was to 
adjust the air for the desired flow rate, adjust the motor speed 
to the desired frequency, regulate the hydrogen flow, close 
the spark circuit and then record the data. Because of the 
rapid use of hydrogen it was often necessary to record data 
while the cyclic detonation tube and strain-gage mount were 
oscillating at relatively high amplitudes. In those cases it 
was necessary to take the average reading. 


Results of Intermittent Detonation Experiments 


The thrust data to be presented for the tests on inter- 
mittent detonative combustion are actually gross thrust and 
have not been corrected for the thrust increment due to 
the momentum of the fresh gases. For the most part this 
introduces little error. 

Fig. 11 represents the variation of thrust with fuel-air 
ratio for a number of operating frequencies and at one air 
flow rate. During the runs, too lean or too rich a mixture 
caused a continuous burning rather than intermittent deton- 
ation. Some of the scatter in the experimental points may 
be attributed to a slight change in cycling frequency during 
the course of the run. 

Fig. 12 shows the variation of thrust with cycling frequency 
for a fuel-air ratio of 0.040 and for three different air flow 
rates. This information is taken from the data in Fig. 11 
and other similar data. As would be expected, the influence 
of frequency is all-important. It is seen that the curves for 
the lowest and highest air flows reach a maximum and then 
fall off. This is not surprising in that high cycling frequen- 
cies imply that the fresh charge does not fill the entire length 
of the tube. Consequently, there will be a collision of the 
detonation wave with the burned products of the previous 
cycle, which will probably result in a mild rarefaction re- 
flected upstream and a shock transmitted downstream. 
This will lead to some loss in thrust but, over a certain range, 
should result in greater fuel economy. This aspect has been 
treated mathematically in (5). 

The intermediate air-flow run in Fig. 12 indicates no maxi- 
mum in the range shown. Additional data had been ob- 


7 Appreciation is extended to D. R. Glass for his aid in the 
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tained on cyclic frequencies to 51.7 cps at this air flow rate 
but the thrust readings were doubtful and hence were dis- 
carded. 

The results shown in Fig. 12 may also be plotted to show the 
variation of specific impulse with cycling frequency for this 
same fuel-air ratio of 0.040. This plot is shown in Fig. 13 
and it is seen that quite high specific impulse is realized for 
the higher frequency runs. Comparison of Figs. 12 and 13 
reveals that the thrust increases with higher flow rates while 
the specific impulse decreases. 

Fig. 14 is a plot of the experimental temperature 7 (see 
Fig. 9) as a function of fuel-air ratio and for various frequen- 
cies. The other temperatures were somewhat lower and 
lower air flows produced slightly lower temperatures. In 
most cases the oscillograph traces indicated that the tem- 
perature had stabilized and it is somewhat surprising that the 
level is so low. Different fuels could, of course, appreciably 
increase this level. The fuel-air ratios are richer than stoich- 
iometric which explains the decreasing temperature with fuel- 
air ratio. 

Prior to the time when the detonation tube was instru- 
mented, a test was run wherein the spark plug was replaced by 
a glow plug so that ignition was obtained from a hot wire. 
After the initial energization of the wire, the tube detonated 
intermittently and evenly at some moderate frequency with- 
out further energization of the wire. The fuel supply had to 
be cut off in order to cease firing. This aspect may be of 
some utility in an actual engine. 

In order to prove that the detonation tube was actually 
detonating, a Control Engineering Corporation, Model 2DC, 
Engine Pressure Indicator was procured locally on a loan 
basis and mounted 16 in. from the open end of the tube. 
The response of this pickup is quoted by the manufacturer as 
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linear to 20,000 cps. The output of the pickup with its 
associated bridge balance was connected to the vertical input 
of a Textronix oscilloscope, Type 513-D. With the detona- 
tion tube in operation at moderate frequencies and the hori- 
zontal sweep of the scope set at one millisecond per centi- 
meter, the initial pressure indication for each cycle appeared 
as a perfect discontinuity. This evidence, along with the 
mixture ratios over which the tube operated intermittently, 
the type of noise generated, and the close agreement with 
theory, leaves little doubt that the tube was actually de- 
tonating. 

Unfortunately, the above pressure pickup yielded insuffi- 
cient output for quantitative work. 
se 


One of the primary motives of this initial work on inter- 
mittent detonation has been to establish an order of magni- 
tude on the discrepancy between experiment and theory. 
With such information it is possible to extrapolate to some 
future potential on the basis of a merit factor that would 
evolve in development work. The experimental work re- 
ported here has been concerned with only hydrogen-air mix- 
tures. It appears reasonable that other gaseous mixtures 
could be utilized with about the same deviations from theory. 
To be sure, certain mixtures may involve difficulty, such as 
a tendency to detonate or burn prematurely, and it may be a 
practical but solvable problem to overcome it. 

The results of the experiments with hydrogen-air are com- 
pared with theory in Fig. 15. Only one frequency is shown 
for each of the three air flow rates. The close agreement for 
the lower mass flow rates is encouraging, but rather surprising 
in view of the simplifying assumptions made in the analysis. 
The same information is plotted in terms of specific thrust 
(pounds thrust per square foot of tube area) in Fig. 16. As 
predicted, hydrogen-air mixtures yield low values of specific 
thrust. It may be noted that the thrust increases with 
higber mass flow whereas the specific impulse drops off. 
The theoretical predictions of thrust are expressed in the 
form of a modified thrust term which is the average thrust per 
unit area multiplied by a time parameter t./(tp + ¢,).. Compar- 
ing the experimental value of specific thrust obtained for a fuel- 
air ratio of 0.043 (38.2 per cent by volume) and an air flow 
rate of 0.045 Ib/sec (Fig. 16) with the theoretical value from 
Fig. 4, the time parameter indicated is 15. This agrees quite 
closely to the calculated value based on the experimental 26.7 
cps although admittedly the experimental arrangement was 
slightly different from that used for the theoretical calcula- 
tions. 

The successful operating range for intermittent detonation 
with hydrogen-air mixtures was practically all in the rich mix- 
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ture range. This agrees with known detonation limits (2) 
although some of this effect may be attributed to incomplete 
mixing at this spark plug where the mixture would be some- 
what lean. Consequently, a different spark plug location 
could conceivably move the operating range toward leaner 
mixtures. 

Hoffman (4) has indicated the importance of spark plug 
location in reference to tube length and diffuser length. This 
aspect has not been investigated in the present program but 
is a logical extension. It is believed that material gains 
over present performance could be achieved by such inves- 
tigations. Also, there are undoubtedly many improvements 
in the charging system that could be effected as well «ss 
changes in the tube geometry. 

Hoffman operated successfully with acetylene-oxygen mix- 
tures by using water-vapor additions to prohibit premature 
burning. He failed to give tube dimensions so that the values 
of specific thrust attained are not known. However, if 
we assume the value of the time parameter as 15 (as indicated 
by the hydrogen-air tests), the theoretical calculations would 
predict a specific thrust of 2400 lb/ft?. But this is based on 
very preliminary studies and it is believed that considerable 
improvement could be realized with further research and 


development. 
Conclusions 


A simplified theoretical analysis of a reaction device operat- 
ing on intermittent detonation waves predicts high thrust 
levels and low specific impulse for most gaseous mixtures. 
However, in the case of hydrogen-air mixtures the reverse 
characteristics are indicated. Preliminary experimental re- 
sults on a cyclic detonation tube operating on hydrogen-air 
mixtures show good agreement with theory and a specific 
impulse of over 2100 sec has been obtained. Conceivably. 
other mixtures could be utilized wherein the performance 
would be toward high thrust levels but at the expense of fuel 
economy. 

The experiments reported were confined to a single tube 
with a single source of ignition. It is doubtful that an in- 
termittent detonation engine could operate efficiently with a 
single tube and single source of ignition, as the diameter 
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Fig. 15 Specific impulse vs. fuel-air ratio 
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required for the thrust demands would involve prohibitive 


lengths for the development of detonation. However, a 
bank of small tubes could be mounted very compactly so 
that the frontal area would be quite small compared to 
other reaction devices of the same thrust level. A rotating 
valve may be ideally suited to such an arrangement. 

It appears that an intermittent detonation engine would 
offer many advantages. Among these advantages are 
extreme mechanical simplicity, static thrust capabilities as 
well as efficient operation at supersonic velocities and high 
thrust levels or high fuel economy, depending on the fuel 
utilized. 

The results to date would seem to warrant further explora- 
tion into the intermittent detonation cycle engine. Those 
areas of research deemed to be the most fruitful are those 
involving valving, charging arrangement, tube length, spark 
plug position and diffuser. Consideration should also be 
given to “tuned” frequencies where ignition is effected through 
reflected shocks or detonations or by hot wire. 
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An Analysis of Heating Problems in Supersonic Ramjet Tailpipes 
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a] (Continued from e 521) 


without ceramic coating, a numerical stepwise transient 
method was used. It was assumed that instantaneously 


Q (gas to metal) = (rate of heat storage in metal per unit time 
per unit area) + Q (metal to environs) 


If primes denote values at the end of a finite time interval, 
and absence of primes denotes values at the beginning of the 
interval, this is expressed by the difference equation 


T + hel T y = 
m( Tm’ — Tm)/(t' — + 
Tm — To) + hel Tm — 


If one writes 1 = (edzr),,/(t’ — t) and solves for T,,’, one 
obtains 


Tm’ = + tg + + heol wo) — 
(T'm/Y + heg + hro + Reo — 


If at ¢ = 0 the initial value of 7’, is given, and all the other 
temperatures and coefficients are known (e.g., at the start of 
a ramjet launch transient), then the equation above allows 
the metal temperature 7’,,’ at end of time interval (t’ — ¢) 
to be found. This may be repeated for the succeeding time 
intervals up to the end of the transient. For the cases an- 
alyzed, the intervals were all kept equal to 1 see which in- 
sured sufficient accuracy. Digital computing machines 
were used to calculate thin wall transients by this method. 

2. For metal walls with temperature gradients, and for all 
walls with internal ceramic coating, the graphical and nu- 
merical transient conduction methods due to Schmidt and Dus- 
inberre, as presented in (5, p. 43 et seq.), were used, with 
time intervals of close to 1 sec. 
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Technical Notes_ 


} 


Impulse Expressions for Rocket Systems 
Containing a Solid Phase 


Many procedures have been used for calculating the 
specific impulse of rocket motors whose combustion prod- 
ucts contain solids. Since for the pure gaseous system 

2 R 


the expression (Reference 1) 


4 
has seen general use, this note attempts to show that the 
specific impulse of a gas-solid system can be represented 
by similar expressions in which the ratio of the specific 
heats and the average molecular weight are redefined. 


Nomenclature 

c = specific heat of solid; cp, = Cr, = ¢, 7 
Cp = total specific heat at constant pressure, cal/°C ue, 
Cy = specific heat at constant pressure, cal/gm °C at 
Ce = specific heat at constant volume ne 
g = gravitational constant 
H = heat content 
m = mass flowrate 


M.W. = molecular weight; 
nM.W.,+n,M.W., 


M.W; = 
g 
for multicomponent systems 


+ = 
MW. = a 
n = number of moles 
= pressure 
R = universal gas constant 
= temperature 
u velocity 
w = weight fraction of me 
= ratio of specific heats 
n = an analogous 7 See 


— + Wee 


for multicomponent systems 


Zi (WC ry); + 
w = weight fraction of individual component in multi- 


component system 
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Epitor’s Note: 


Subscripts 
c = chamber 
= nozzle exit 

= gas 

t = index referring to gaseous system 
_j = index referring to solid components 
s = solid 


XHERE are many procedures by which one may calculate 
the theoretical performance of a rocket motor when it is 
known a condensed phase is formed in the chamber. A 
review of these procedures has recently been given by Altman 
and Carter (2).2. In determining the theoretical performance 
of a rocket motor in which a solid component is formed in 
the chamber, one may accurately calculate the adiabatic 
temperature. It is in the use of the proper conditions in 
the expansion process where particular considerations must 
be given to the average molecular weight and ‘‘ratio of specific 
heats of the solid-gas mixture,”’ the temperature history of 
the solid component in the expansion process, etc. 
_ It has become the accepted procedure to refer to the analyt- 


ical calculation which assumes complete kinetic and thermal 


equilibrium between the solid particles and the flowing prod- 
uct gases as the ideal theoretical performance calculation. 
This can be considered one limiting case. Others, following 
the analysis given in (2) are: (a) Kinetic equilibrium with 
the particles thermally insulated, (b) thermal equilibrium 
with zero particle speed, and (c) complete insulation with the 
particles remaining at the chamber temperatures and having 
zero velocity. 

Altman and Carter (2) give for the so-called ideal case 
(case 1) (u, = u,, T, = T,) 


: if the gas containing the solid is assumed to be perfect, the 


equation of state can be written as 


Assuming constant specific heat, 


Equations [1 and 2] 
combined to give 


4 


Integrating Equation [1] between the chamber and exit 


temperatures gives 


1 
= (Cp, + — Te) = mu*.......[4] 


Factoring T, in Equation [4] and substituting Equation 
[3] for T./T., one obtains an expression for the specific im- 


pulse 
P. n,R/ (C,,+ C,) 


g g m 


2? Numbers in parentheses indicate References at end of paper. 
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This expression may be rewritten as described below. Now 


Cy = Cp, 


We C, = 


and 


m = + 


Thus (C,, + C,)/m becomes g|(1 — w) c,, + we,] where w 
is the weight fraction of solids. Now let us define a term 
n, which is the analog* of the pure gas y, as follows‘ 


(1 — wey, + we, 
(1 — w)e,, + we, 


This case approximates the condition in which the solid 
particles have extremely slow velocities. 

In case 4, u, = 0, 7, = T,, and as explained previously, 
one need only omit the C, term, this time in Equation [13]. 
The desired expression for this case becomes 


/(y¥-V 


For the general system containing more than one gaseous 
component and more than one solid material, the explicit 
relationships in Equations [10, 12, 14 and 15] hold, except 


Ai-—w) y =R 


MLW. 


that the definitions of » and M.W. now become 


It is readily shown 2 + 16 
gL wep, + wel = [7] 


where # is the universal gas constant and M.W. is the average 
molecular weight of the gas containing solids and is equal to 


noM.W., + ns M.W., 


Ny 
Similarly it can be shown that 
nok n-1 


Then the expression for specific impulse can be written 


\ 4 | 


which is similar to the expression generally used to calculate 
the specific impulse when only gases are present except that 
the ratio of specific heats and the average molecular weight 
have been redefined.* 

For case 2, u, = u, but T, = T,, the same equation for the 
specific impulse holds except the term C, is now omitted 
whenever it appears. This is readily understandable without 


n- 


the necessity of a complete derivation, since it simply states 
that there is no energy given up by the solid to the gas 
stream. 


The expression for impulse then is 


I = 20 ‘pa id n,R/C,,, 
g \ m 


which can be shown to be 
q M.W. 


In the third case u, = 0, T, = T,—all the available energy 
is translated into kinetic energy of the gas, so that the ex- 
pression for the /,, becomes 


which can be rewritten with the newly defined terms as 
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Ip 


.* It is the author’s recollection that this term was first sug- 
gested by H. Seifert. 
4In Equation [6] w may be replaced by the mol fraction of 
solids, providing molar specific heats are used in the equation. 
5 Dillon and Line (3) have recently treated a form of this case. 
This result can be shown to be the same as Equation [10] except 
The two expres- 


that they employ M.W.,/(1 — w) for M.W. 
sions are equivalent. 


where w is the weight fraction of the various species.® w 
in Equations [14 and 15] thus becomes 2, (@,);; y in Equa- 
tions [12 and 15] is then the average y of the gaseous com- 
ponents. 
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A High Temperature Combination 
Sonic Aspirated Thermocouple and 

Total Pressure Probe 


GEORGE E. GLAWE! 


National Advisory Committee for Aeronautics, Cleveland, 
Ohio 
A SONIC-aspirated platinum rhodium-platinum thermo- 
couple was built to extend the range of the chromel- 
alumel types reported in (1, 2)? and to be used in a survey ap- 
paratus for combustor research (3). The advantage of this 
type of thermocouple probe is that it is sensibly free of radia- 
tion and conduction errors, and the total temperature of the 
gas is obtained by applying a constant correction factor for 
recovery. 

The present design incorporates a removable insert, wit) 
the thermocouple and nozzle as an integral unit of the insert. 
This feature fixes the position of the junction in the throat of 
the nozzle and therefore has an advantage over previous de- 
signs in which the nozzle was attached to the main body and 
differential thermal expansion caused uncertainties in relative 
junction-to-nozzle throat positioning. The insert is enclosed 
in a main assembly consisting of a */3-in. OD, water-cooled, 
Inconel supporting tube with a platinum-rhodium tube at the 
sensing end. The head also contains a total-pressure tube to 
take simultaneous pressure readings. Details of the sensing 
end of the probe are shown in Fig. 1. 


Received Jan. 11, 1957. 
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Fig. 1 


o BARE-WIRE CROSSFLOW PROBE 
a O ASPIRATED PROBE 
DEVIATION 
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TOTAL TEMPERATURE, °R 
Fig. 2 Comparison of bare-wire cross flow and aspirated water- 


cooled high temperature probes at static pressure of 1 atm and 
Mach numbers of 0.4 to 0.6 


The probe was tested in a high temperature tunnel, de- 

scribed in (4), through a temperature range from 2100 to 
3550 R, a free stream Mach number range of 0.4 to 0.6, and at 

a static pressure of 1 atm. A platinum rhodium-platinum, 
bare-wire, cross-flow probe was used as a comparison instru- 
ment. The tests were performed by moving each probe, in 
turn, to the same location in the test section while tunnel 
conditions were held constant. 

Total temperature 7, for the bare-wire, cross-flow probe 
was obtained by applying recovery, radiation and conduction 
corrections to the indicated temperature Tina as reported in 
(5). The total temperature of the aspirated probe was ob- 
tained by applying a constant recovery correction of 1'/: per 
cent, where 7; = Tina X 1.015. This correction was obtained 
from a calibration at room temperature. 

The results of the high temperature tests are shown in Fig. 
2, which is a plot of the deviation from the mean temperature 
as measured by both pyrometers throughout the tempera- 
ture range. The agreement is in a band whose limits are on 
the order of 1 per cent and whose probable error is 0.5 per 
cent. 
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8. S. PENNER? and F, WILLIAMS® 


On Excess Enthalpy, Flame Extinction 
and Minimum [gnition Energies! 
| 


Daniel and Florence Guggenheim Jet Propulsion Center, 
California Institute of Technology, Pasadena, Calif. 


_ Exeess Enthalpy of Ozone Decomposition Flames 


SING Hirschfelder’s numerical solution for the ozone de- 
composition flame (1),4 the total excess enthalpy per 
gram of mixture has been calculated as a function of tem- 
perature for a mixture containing 75 per cent oxygen and 25 
per cent ozone and an assumed Lewis number Le of 0.94. 

The thermal (Ah;), chemical (Ah,,), and total enthalpies 
Ah = Ah; + Ah,, per gram of mixture are plotted as a func- 
tion of temperature in Fig. 1. Reference to Fig. 1 shows that 
Ah is everywhere positive but small because the chemical and 
thermal enthalpy changes nearly cancel for Le close to unity 

Lewis and von Elbe (2) have defined the excess enthalpy as 


Ah, m dx 


where \ is the thermal conductivity and m equals the mas~ 
flow rate per unit area. The quantity Ah,, is also shown in 
Fig. | and is seen to attain a maximum value nearly ten times 


° 


enthalpy, cal./g of mixture 
> 


400 600 800 

°K 


The enthalpy terms Ah7, Ahch, Ah, and Ah as a function 
of temperature for the ozone decomposition flame 


1000 1200 


Fig. 1 


as large as Ah. Also Ah,, is linear with T and equal to Ah, in 
the colder parts of the flame, because here reaction proceeds 
so slowly that the change in ¢,7' is produced largely by heat 
conduction. In the hotter parts of the flame, chemical reac- 
tions oceur rapidly and the change in ¢,7' is now produced 
mostly by chemical heat release. 
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In calculating minimum ignition energies, it is customary to 
consider the excess enthalpy h, per unit area of flame front 
referred to the unburnt gas of density p,, viz. 


ha = Py | 


= 


If diffusion is neglected in comparison with heat conduc- 
tion, then h, is replaced by as 


Are = hy | Ah,, dz = A (T; — To)...... 3B) 


where 7, is the adiabatic flame temperature, Su equals the 
laminar burning velocity, and the bar indicates that a suitable 


average has been used for the entire flame width. Lewis’ 
estimate of the minimum ignition energy, Amin, is 
hmin = [4] 


where d, is the quenching distance. Performing an approxi- 
mate integration on our graphs we find that, for the ozone 
decomposition flame, h,, is larger than h, by about a factor of 

In view of this large discrepancy it therefore appears likely 
that the demonstrated empirical utility of Equation [4] 
reflects the fact that enthalpy changes produced by heat 
conduction, rather than total enthalpy changes, are of domi- 
nant importance in ignition processes. This last statement is 
in accord with the conclusions reached by J. W. Linnett (3) 
after a critical examination of the arguments in favor of the 
excess enthalpy concept advanced by Lewis and von Elbe (2) 
and by Burgoyne and Weinberg (4, 5, 6), and after a critical 
examination of the relevant objections raised by Spalding (7). 


Flame Extinction 


Equation [4], as well as Spalding’s critical size for a burnt — 
gas slab which will just support combustion (8), are consistent : 
with the following basic postulate: Thermal ignition will oc- 
cur if the rate of energy transport per unit area by thermal 
conduction equals the rate of enthalpy change per unit are: 
for a steadily propagating flame when energy transport by 
diffusion is neglected. 

For one-dimensional, steady, inviscid, constant-pressure 
flow problems without external forces, the equation for con- 
servation of energy reduces to 


where Ah denotes the change in the specifie enthalpy for the 
mixture with constant mass flow rate m to which the total 
heat transfer by conduction and diffusion is Ag. The preced- 
ing relation may be applied to a stationary combustible mix- 
ture through which a laminar flame is propagated. In this 
case we identify v = m/p with the mass-weighted average 
velocity of the burning gas relative to the flame front. 

Consider a slab of burnt gas of finite width at the adiabatic 
flame temperature 7; in contact with a semi-infinite slab of 
combustible gas at the temperature 7>. According to our 
basic postulate, we may use for Aq in Equation [5] a suitable 
average value for A(d7T/dx) which we approximate by 
(7; — To)/6 where 6 is the effective width of the laminar 
flame front which is propagated at the constant speed Su. 
Equation [5] now becomes 


‘ Numbers in parentheses indicate References at end of paper: 


May 1957 


since m = p,Su. Furthermore, for gases with constant average 
specific heat ¢, 


in order to make the required heat conduction rate per unit 
area equal to p,Suz,(7'; — To). From Equations [6, 7] it is 
apparent that 


‘Ba af 6Su [8] 


where 6 may now be identified with the smallest width of a 
heated burnt gas slab of density p, which will prevent flame 
extinction and produce a steadily propagating one-dimensional 
laminar flame. For slabs of width smaller than 6, the energy 
per unit area in the flame front is presumably insufficient to 
propagate the combustion wave by thermal ignition. Equa- 
tion [8] differs from Spalding’s result (8) for the critical mini- 
mum size deri, = 6 of a uniform burnt gas slab at the adiabatic 
flame temperature 7’, only in so far as the number | replaces 
4 on the right-hand side. Spalding obtains the number 4 be- 
cause he considers flame propagation from the hot slab in 
two directions (which accounts for a factor of two) and be- 
cause he uses a maximum temperature gradient evaluated at 
the mean temperature (which accounts for another factor of 
two). 

By an argument similar to that used in the derivation of 
Equation [8], we find that for a spherical source of burnt gas 
at the adiabatic flame temperature 7, in an infinite com- 
bustible medium, the minimum radius frerit of the sphere is 
determined by the relation 


TeritSU 


Minimum Ignition Energies 
The interpretation of Equation [6] which led to our identi- 
fication of 6 as dei: for one-dimensional wave propagation 
may be restated as 


A ( 6 [10] 


with Amio/A representing the minimum thermal enthalpy per 
unit area required to produce a self-propagating flame; the 
right-hand side of Equation [10] identifies the total conduction 
heat transfer per unit area during the life of a width 6 when 
the flame is propagating at the speed Sw. 

In spark ignition measurements, Amin corresponds to the 
minimum ignition energy, and A = 7d,? is the effective 
spherical area bounding the gas volume into which the 
energy /min is introduced. It is customary to choose d, equal 
to the quenching distance in order to make certain that all of 
the energy introduced by the spark remains in the combustible 
gas. Equation [10] now reduces to Equation [4]. 
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A More Explicit Notation for the 


Temperature Sensitivity Coefficients of 


Solid Rocket Propellants 


G. W. BATCHELDER' and J. K. ELDER? 


Grand Central Rocket Co., Redlands, Calif. 


{ore exist in current solid propellant literature several 
different notations for temperature sensitivity coeffi- 
ecints. For example, according to Geckler and Sprenger,* 
the temperature sensitivity coefficient of chamber pressure 
at constant area ratio is given by 


and, Sutton4 uses 


(2 
p \OT/k 

for this coefficient. Also some authors consider the tempera- 
ture sensitivity coefficient of burning rate x, to be a quantity 
obtained at constant area ratio; while others give values of 
7, at constant pressure. 

In order to avoid any possibility of confusion about which 
system is being employed, it is suggested that authors use 
the following more explicit notation, which has been adopted 


at the Grand Central Rocket Co. 
1 {Op 
1 (ce (x,) 
Cu Ol / kK 


mts 
1488, vol. I, April 1950. 
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Performance Characteristics of Solar Furnaces 


ial 


plate receiver where € 
temperature may be calculated by combining Equations [29 
and 30] and using the concentration ratio C’ which is basec| 


€, cos 6, the maximum attainable 


upon the absorbed flux. Thus for a flat plate receiver where 


(Continued from page 513) ' 


€ = cos 8 


and taking n2 = 1 and 7, = 1, 7, = 4540 K. 

The concentration ratio, the concentration efficiency and 
the maximum attainable temperature for the CIT furnace 
are shown in Figs. 2 and 4 as solid dots. For a cavity receiver 
these results indicate that as far as the maximum attainable 
temperature and the concentration ratio are concerned, the 
CIT furnace corresponds to a parabolic-type furnace with « 
rim angle of about 40 deg, or a diameter-to-focal-length ratio 
of about 1.45. For a flat plate receiver, the lens furnace 
corresponds to a parabolic one with a rim angle of about 30 
deg, or to a D-f ratio of about 1. Parabolic furnaces capable 
of about the same concentration ratio and maximum tem- 
would have a efficiency 


wae 
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Aerodynamic Heating at Great Altitudes 
ae 


(Continued from page 526) 


Conclusions 


Simplified equations can be used to obtain upper bounds for 
the skin temperature of an ascending rocket. These upper 
bounds are sufficient to choose materials for the practical de- 
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Dr. Lloyd P. Smith 


President, Avco Research and Advanced Development Division 


speaks out about AVCO... 


AND THE RACE AMERICA MUST NOT LOSE 


Our greatest aim is to make truly significant scientific dis- 
coveries and technical developments. Discoveries which add 
to our scientific knowledge. Discoveries and developments 
which lead to new products which can be produced for the 
good of mankind and insure our continued economic pros- 
perity. Discoveries and developments which will maintain the 
nation’s defenses strong. Most of all, to make discoveries and 
technical “breakthroughs” which will give our country the 
scientific and technical leadership and prestige which are so es- 
sential for maintaining the peace of the world. We fully realize 
that to attain these objectives we must win out in a great 
scientific game against a competent and ambitious adversary. 


The Aveo Research and Advanced Development Division, 
with its team of creative scientists and engineers, is expending 
great effort to reach these goals. Significant accomplishments 
have already been made in the physics, chemistry and gas 
dynamics associated with the high-altitude, hypersonic flight of 
missiles; the intercontinental ballistic missile re-entrance prob- 
lem; missile stability; and electronics as applied to advanced 
radar, computers and air navigation. 


New fields are under investigation and the division hopes to 
make technical “breakthroughs” in magnetohydrodynamics, 
controlled thermonuclear fusion, conversion of chemical and 
nuclear energy into useful work, the creation of new materials, 
the manned satellite, and many other areas. Some of these 
fields are so new that our laboratories must also be teaching 
centers so that young scientists and engineers who join us can 
learn the science and technology basic to these new fields while 
contributing their own creative investigations. 


= - of 7 A new idea is nourished by exposure to men representing many 
7 dee! . different scientific specialities—a characteristic operating method at 
Aveo Research and Advanced Development Division. 
Aveo’s new research division is now offering unusual and exciting 
career opportunities for exceptionally qualified and forward-looking 
poe scientists and engineers in such fields as: 
Pictured below is our new Research Center now under construction in SCIENCE: Aerodynamics - Electronics - Mathematics - Metallurgy 
Wilmington, Massachusetts. Scheduled for completion in early 1958, this Physical Chemistry - Physics - Thermodynamics 
ultra-modern laboratory will house the scientific and technical staff of the . 
oak ENGINEERING: Aeronautical - Applied Mechanics - Chemical - Electrical 


Heat Transfer - Mechanical - Reliability - Flight Test 


Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 20 South 
Union Street, Lawrence, Massachusetts. 
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Characteristics of Flow: Vi, M, 
fps 

Test Facility 

Intermittent wind tunnel 


Air 7,000 8 
Helium 6,000 30 
Electrical 17,000 15 
Mass accelerator a 
High explosive driver 25,000 23 
Combustion driver 16,500 15 
Electrical driver 25,000 23 
Shock tube 
High explosive driver 20,000 3 
Combustion driver 15,000 3 
Shock tunnel 
High explosive driver 20,000 20 
Combustion driver 15,000 15 
Stabilized arc 10,000 3 
Rocket exhaust 8,000 3 
Solar furnace 0 0 
250,000 250 


Plasma accelerator 


lation under construction. 


LIGHT 
regions of Mach 10 and faster 


in the high supersonic 
creates curiously destructive forces 
that tear at a missile and dismember 
air as it slides by. To understand 
with an aim toward neutralizing these 
forces is the mission of hypersonics 
vital mission if hypersonic vehicles are 
ever to rush with assurance through 
atmosphere and space. 

Intense research into this virtually 
unlimited area of speed has been 
launched at various industrial and 
educational facilities around the country 
(see table). Less than a decade old, the 
studies are crystallizing into a true 
discipline at a rate almost rivaling the 
velocities they study. 

But the infant science is still groping 
in all directions for research tools— 


some old, others new—to simulate 
hypersonic flight conditions. Tem- 
perature, velocity, atmosphere com- 


position and density are among the 
flight parameters that must be matched 
as closely as possible. 

Devices to reproduce Mach 25 forces 
are the first goal of the scientists. At 
the very threshold of space travel, this 
is the area in which the slowest meteor- 
ites move and the earth satellite will 
race. Mach 27, incidentally, is the 
fastest that man has yet pushed any 
solid that retained sufficient integrity 
to permit measurement. (It was 


reached by blowing an aluminum strip 


Some Laboratory Facilities for Hypersonic Experimentation 


Model Flow 
Pst Tst Pst Re/fi  Btu/sec Diam., Duration, Medium Typical 
Py To Po ft? ft sec Installation 
0.3 6 0.17 2X 10° 100 1 15 Air Bklyn. Poly. Inst. 
0.01 4 0.025 2X10! 30 0.1 15 Helium GE-RL; Princeton Univ. 
2.5 21 0.1 5X 10° 300 0.9 0.01 Air, C ARDC 
70 32 1.1 5 X 10° 5,000 0.7 0.001 Air GE-M&OSD 
20 21 1.0 5X10* 2,500 0.05 0.01 Air NACA-Ames; NOL 
70 32 1.2 5X 108 5,000 0.1 0.01 Air GE-M&OSD 
900 45 12 5X10 16,000 0.2 0.0001 Air GE-M&OSD* 
300 ae fe 5X10 8,000 0.2 0.0005 Air GE-M&OSD; AVCO 
1.0 37 0.030 3X 10° 1,000 1 0.0005 Air GE-M&OSD* 
0.5 33 0.015 10° 500 1 0.002 Air GE-M&OSD; CAL 
1 35 0.015 10° 4,000 0.5 30 n,6,C GE-M&OSD; Giannini 
5 10 1 5 X 10° 1,500 2 30 Comb. GE-MALTA;. ABMA 
prod. 
1 10 = «(0.1 0 2,000 0.02 60 Air GE-M&OSD; Fordham 
U. Convair 
20 ~3,300 0.01 _ — 10% H, He, air GE-M&OSD*; NRL 


Re, Reynolds number; q, heat transfer rate. 


LEGEND: M;, Mach number referred to sea level; P,:, stagnation pressure; Po, reference pressure (1 atm); T.:, stagnation temperature; Ty, reference 
temperature (294 K); ps, stagnation density; po, reference density (0.0029 gm/cc); 


* Indicates instal- 


Chart reproduced through the courtesy of General Electric Co. 


away from a block of Composition B 
explosive; see photo.) It is also twice 
as fast as any man-controlled vehicle 
has yet flown, according to reports. 

High-Pitched Research: General 
Electric’s Missile and Ordnance Sys- 
tems Department in Philadelphia 
probably has one of the widest ranges 
of mechanisms under investigation. 
There, in engineering offices stretching 
through five floors of a converted 
warehouse, and in a screaming test 
laboratory, about 100 scientists and 
engineers are dealing in ideas and 
hardware. 

Directing the work of this Aero- 
sciences Laboratory is Leo Steg. The 
physicist explained recently that so far 
no single piece of equipment has been 
found that can adequately simulate 
free flight in the hypersonic range for 
reasonable periods of time. Nor, he 
added, is it expected that the lab will 
come up with one do-it-all unit. 

“Rather, with devices for studying 
one or perhaps two variables, and a 
means of relating data between devices, 
we hope to produce a mosaic of in- 
formation on how a missile will act at 
Mach 25,” Dr. Steg noted. 

“In a solar furnace, for example, 
the atmosphere can be fully controlled 
for long times, but the temperatures are 
relatively low and there is no medium 
flow. A rocket motor exhaust gives 
high flow velocities but poor atmos- 


phere. With a water-stabilized arc 
temperatures are very high but the 
chemistry again is bad. In shock 
tubes and tunnels, the time intervals 

are very short.” 

=> Still, Dr. Steg continued, for subsonic 
and supersonic aerodynamics, nothing 
is as good as a wind tunnel, probably the 
oldest tool in the entire hypersonic 
research kit. But in hypersonic areas, 
he observed, the scientist frequently 
must resort to absolute matching of 
states, such as temperature. 

Wind tunnels can’t reproduce high 
temperatures. In fact, with air as the 
flow medium, they are limited by con- 
densation of air gases. (Nitrogen and 
oxygen begin to liquefy out at Mach 4.) 
Preheating the air and evacuating the 
tunnel can raise the limit to about Mach 


Water-stabilized electric arc spews plasma 
at test specimen in open atmosphere. 
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About one millisecond after being blown away from block of Composition B explosive, 
aluminum strip (above) reaches Mach 27, fastest any solid has moved under man’s 
influence and still retained its integrity. Leading front, straight in top photo but 


bending out below, is the shock wave; following front is explosion gas interface. 


Be- 


tween fronts is the plate, complete in top photo and disintegrating below. 


8, but above that value the amount of 
auxiliary heating equipment becomes 
economically and physically prohibitive. 
But carrying the matter one step fur- 
ther, by going to a light gas (very low 
condensation temperature), such as 
helium, and directing the flow through 
an expansion nozzle, Mach numbers up 
to 30 reportedly can be realized. 

An outgrowth of wind tunnels is 
shock tubes, termed by some “‘the test 
tubes of space.’”’ Shock waves are 
specially valuable tools because of the 
high temperatures they yield; for 
example, a shock wave moving through 


normal air at Mach 
12,000 K. 

In operation, shock tubes use high 
pressure gas bursting into an evacuated 
tube to form the waves. Two draw- 
backs are manifest in the mechanism, 
however. Low flow Mach numbers are 
obtained; and the time interval in the 

valued test range, i.e., between the 
wave and the driver gas interface, is 
super-abbreviated, being measured in 
tenths of a millisecond. 

The latest and most sophisticated 
shock device, the shock tunnel, 
heightens the flow Mach numbers by 


Dump tank and smaller diameter — nozzle (which houses test model) terminate 


132-ft-long GE shock tunnel. 
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25 produces heats of 


putting an expansion nozzle on the far 
end of a shock tube. Mach 25 flows 
and stagnation (film) temperatures can 
be reached for reasonable altitudes, 
according to reports, by exhausting the 
gases through a nozzle containing the 
test model. The force expends itself 
in the “dump tank.” Time intervals 
are still very short, but with fine 
instrumentation muc h of the necessary 
data can be collected. 

Wanted—Long, High Heats: Pro- 
longed high temperature generators 
to determine heat effects on materials 
of construction and free flight mech- 
anisms in which the test model is 
not held remain to complete this 
picture of hypersonic forces. 

A number of unusual devices are in 
the works at GE to create super star 
temperatures for extended _ periods. 
One of the newest is the water-stabilized 
electric arc which generates a charged 
plasma. Continuous temperatures of 
14,000 K have been reported for the 
plasma stream moving at 4000 fps. 
Also, the highest steady state heat 
transfer rates, about 2000 Btu/sec ft?, 
are reportedly attainable, as against 
800 Btu for a rocket motor. 

In operation, water is swirled around 
the are to protect the chamber walls 
and to limit the bulge of the 50,000 K 
electric discharge. It also serves as a 
source of the plasma, which is drawn 
off through a hollow cathode. Power 
requirement of the unit, with its 1}- 
in.-diam anode, is 3000 kw. Under 
construction is a 3-in. model scheduled 
to consume 8000 kw. A _ still more 
powerful liquid air-stabilized are is 
now being considered. 

Another unique piece of equipment 
being built by GE is a plasma acceler- 
ator, described as a Kolb tube. This 
device will speed highly ionized gases 
to such seemingly fantastic rates as 
Mach 250 and calculated temperatures 
of the order of several hundred thou- 
sand, possibly a million, degrees K. 
Such conditions could be tolerated only 
for infinitesimal intervals of the order 
of 1077 sec. However, Dr. Steg said, 
the conditions could be held down to 
Mach 20 or 30 for microseconds. In the 
other direction, he considers speeds to 
Mach 1000 are possible with the tube. 

A. C. Kolb of the Naval Research 
Laboratory, inventor of the tube, 
states that in his device ionized gases 
are created by means of “high velocity, 
one-dimensional shock waves utilizing 
a high-voltage, low inductance gas 
discharge tube. ..(and driven by) mag- 
netic fields....”’ The tube built at 
NRL is directed at studying controlled 
fusion reactions. 

Guns Still Serve: The final area 
to be plumbed is free flight mecha- 
nisms, where a model is uninhibited 
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Trevarne Silicone and 
Phenolic materials have 
been tested and proved 
to give optimum heat 
resistance and strength 
performance, and excep- 
tional electrical and 
mechanical properties as 
well. Also available is 
data on new Trevarno 
chopped F-120 Phenolic 


parts for performance 
at 4,000°F. 
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GLASS 


for latest data on Tre- 
fabrics for high tempera- 


and aircraft applications. 


material for molded 


COAST MANUFACTURING AND SUPPLY COMPANY 


P. O. Box 71, Livermore, California 
Please send me data on materials for the 
temperature ranges | have checked below: 

... 
160°F to 750°F 
800°F to 1SOO°F 
1500°F to 5 to 10,000°F [) 
New chopped Phenolic . [] 


Name. 


Company. 


Address 
City. State. 


As conceived at GE, free flight 

| simulators would shoot a scale model 

of a missile into a controlled gas atmos- 

phere. And the search for a gun to do 
the shooting is on. 

Most successful to date has been the 
invention of Yosef A. Yoler, head of the 
investigation section of the aero- 
dynamics lab: An electric gun which 
adds “slugs” of energy and mass 
directly behind a projectile as it tra- 
verses the barrel. These additions pre- 
clude the characteristic pressure and 
temperature decay that occur behind a 
round in an artillery piece. In Dr. Yoler’s 
gun, the projectile is a nonconductive 
shoe designed to carry the missile 
model through the barrel before releas- 
ing it into the test chamber. 

Electrical energy is supplied through 
electrodes that ring the barre! at regular 
intervals. Maintained at the potential 
just short of arcing between poles, the 
electrodes discharge spontaneously 
through the ionized gases that follow 
the fast moving projectile. Mass is 
contributed by the rubberized barrel 
Iming that decomposes into a low 
molecular weight gas (mean molecular 
weight around 10) under the are’s influ- 
ence. 

These successive kicks should get the 


projectile up to Mach 25 or 30, says 
Dr. Yoler. Full-scale tests of the novel 
device will take place shortly. 

Two other electric guns, much more 
ambitious than Dr. Yoler’s, have been 
discarded after as im- 
practical at present. One, using an 
induction technique to accelerate a test 
model linearly, was given up when it was 
decided that a billion-watt amplifier 
would be necessary. In the other, 
using conduction to move a railed 
vehicle, the required million ampere 
current vaporized the copper contacts 
and shorted out the circuit before 
significant speeds were reached. 

Chemical propellant guns are con- 
sidered limited for these purposes. 
Initial gravitational loads can crush 
the test specimen. Also, explosives 
have a limiting velocity of about 
25,000 fps in a tube, according to- Dr. 
Yoler, and inefficiencies reduce this 
figure to about 15,000 fps maximum. 

These are among the spectrum of 
mechanisms, many promising, others 
already discarded, that will help stretch 
man’s reach for ever-increasing heights 
and speeds. When _ interplanetary 
travel is a reality, the vehicle will 
travel a path whose rough edges have 
been rubbed off by hypersonies. 


New Thermal Center 


an omnivorous 
“need to know,”’ scientists ask 

more questions than young 
children. Focus of a major share of 
today’s scientific curiosity, stimulated 
by the rapidly advancing frontier of 
flight, are thermophysical properties 
of materials. 

To help satisfy this curiosity, 
Purdue University has established a 
Thermophysical Properties Researeh 
Center. Long-range objectives of the 

ew facility are (1) to serve as an in- 

national center for research, eol- 
ection, analysis, correlation and dis- 
semination of thermophysical data, 
nd (2) to provide what the university 
asserts is a unique facility and oppor- 
tunity for graduate study and research. 

On a more immediate basis, the 
center’s program during its first three 
years will be confined to a study of the 
following thermophysical properties: 
Thermal conductivity, viscosity, spe- 
cific heat, thermal emissivity, absorp- 
tivity and reflectivity, mass diffusiv- 
ity, thermal diffusivity and Prandtl 
number. 

Starting with the technically more 
important substances, the program 
will be concerned,, in a selective and 
gradual order, with the properties of 
gases, liquids and solids. - Criteria for 
selection of substances (as* well as 
properties) to be studied will be (1) 


ONSUMED by 


even 


demand for information, (2) paucity 
or abundance of available data and 
(3) degree of disagreement, if any, 
the given area. 

Founding Fathers: Government 
agencies and industry are cooperating 
in this project by providing multiple 
financial support. Each sponsor con- 
tributes approximately the amount of 
aid he might give an individual grad- 
uate student. This enables the uni- 
versity to enter upon interdisciplinary 
programs which might otherwise be 
undertaken only with great difficulty. 

The sponsor, in turn, takes part in 
and benefits from a major research 
program covering a broad field of 
application. Among those already 
enrolled as Founder Sponsors are 
American Iron and Steel Institute, 
Avco Mfg. Corp., Babcock & Wilcox 
Co., Bell Telephone Laboratories, 
California Research Corp., Esso Re- 
search and Engineering Co., General 
Electric Co., General Motors Corp., 
John B. Pierce Foundation, Lockheed 
Aircraft Corp., Office of Naval Re- 
search, Rand Corp. and Standard Oil 
of Indiana. 

But, the university’ points out, this 
list is getting bigger all the time as 
others learn of the Center and its 
program. The program, Purdue re- 
ports,.is already budgeted at $75,000 
a year for the next three years. 
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NIAFRAX ROCKET NOZZLES 


+ 


NIAFRAX® nozzles are available in intricate shapes and 
can be produced to close tolerances in sizes ranging 
from 2” to more than 30” in diameter. 

In uncooled rocket motors, NIAFRAX silicon-nitride- 
bonded silicon carbide refractories stand up to extreme 


temperatures, heat shock and erosion for the full burn- 
ing time. In fact, NIAFRAX nozzles and liners will often 
last through several firings. 


For details, write Dept. T57, Refractories Division, 
The Carborundum Company, Perth Amboy, | N. J. 


CARBORUNDUM 


Registered Trade Mark 


« 
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re 
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NITROGEN TETROXIDE 


Oxidant for liquid 
rocket propellants 


Molecular weight 92.02 
Boiling Point 
Freezing Point 113°C 


Latent Heat 99 cal /gm 
of Vaporization @ 21°C 


Critical Temp. 158°C 
Critical Pressure 99 atm 


Specific Heat 0.36 cal’ gm 
of Liquid 10 to 20°C 


Density of Liquid 1.45 at 20°C 


Density of Gas 3.3 gm /liter 
21°C, at 1 atm 


Vapor Pressure 2 atm at 35°C 


Mixed Oxides 


Propellant chemists and thermodynamic engineers seeking an oxidant uniquely 
suited to a wide range of rocket operating requirements find that Mixed Oxides 
offer these outstanding advantages: 
Versatility — provides high specific impulse with many rocket fuels, including 
Triethyl-Trithiophosphate, Methyl Alcohol, 50% Ammonia and 50% Methy! 
Alcohol, 63% Triethylamine and 37% Orthotoluidine, Turpentine, Ammonia 
and Ethylene Oxides e Freezing Point — as low as —100 F, depending upon 
mixture ¢ Density — compares favorably with other oxidants e Easy Handling 
— can be shipped, piped, stored in ordinary carbon steel e High Stability — 
non-corrosive, can be stored indefinitely in rockets maintained “at ready.” 
Mixed Oxides, containing 70 or 75% N2O« and 25 or 30% NO, are eco- 
nomically available in large tonnages from Nitrogen Division's plant at Hopewell, 
Virginia, and for experimental purposes, in valved 125-lb. cylinders and 2000- 


lb. containers. 


“Photo courtesy of Rocketdyne, a Division of North American Aviation, Inc."’ 


Dept. NT 2-12-2 


lI ied Ethanolaminese Ethylene Oxide « Ethylene Glycols « Urease FormaldehydeeU. F. Concen- 
trate—85 Anhydrous Ammonia Liquors Ammonium Sulfate Sodium Nitrate 
hemical ¢ Methanol « Nitrogen Solutions « Nitrogen Tetroxide « Fertilizers & Feed Supplements 


40 Rector Street, New York 6, N. 7. 
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yerytcte material that can trans- 
mit infrared radiations from sub- 
zero targets and still thermally and 
mechanically protect delicate IR sens- 
ing units was reported last month by 
Raytheon Manufacturing Co. Among 
the applications suggested for the 
material are missile IR-domes for 
homing and mapping equipment. 

Described as a solid, opaque metal, 
Raytheon silicon effectively extends 
the upper IR wave-length limit for the 
material from the previous 9 microns 
(emitted by bodies at hot water temp- 
eratures) to 11 microns (ice tempera- 
tures). The lowest wave length the 
material can pass is about 1.5 microns, 
corresponding to about 3000 F. 

Further recommending the Ray- 
theon silicon, according to project 
chief Harry Letaw, is the excellent 
thermal conductivity of the metal 
(one-fifth that of copper at 400 C). 
As a property of the nose cone of a 
missile, this conductivity would pre- 
clude a dome hot spot which could 
cause the sensing unit to develop a 
blind spot or home the missile on its 
own nose. 

Mechanically, the silicon is stronger 
than quartz, the company claims, al- 
though it is probably more_ brittle. 
(Quartz, or fused silica, is perhaps the 
strongest dome material used to date. 

One final property, the high trans- 
mission of the incident infrared energy 
waves, recommends the silicon. Up 
to 95 per cent of the waves up to 9 
microns in length will be passed. At 
that wave length, however, transmis- 
sion is restricted to 60 per cent for a 
short range, picking up to between 70 
and 80 per cent to the 11 micron limit 
for the material. 

Infrared homing units have gained 
great favor for missiles since the re- 


Fast Fuels 


AR from a full scale war, the Ko- 

rean conflict nonetheless served as 
a valuable reminder that military ob- 
solescence waits for no country. Ob- 
ject in point: Hydrocarbon fuels. 

“The conventional jet fuels of yes- 
terday which remain stable near sea 
level,’”’ says California Research Corp.’s 
Jack Bert, “boil violently under the low 
pressures registered at extreme alti- 
tudes by today’s supersonic jet en- 
gines, resulting in a vital loss of vehicle 
range.’ In essence, Bert notes, the 
hydrocarbon fuels used in Korea are 
now obsolete. 

Realizing this, petroleum researchers 
went to work on the development of 
new and better fuels. The object was 
to find stable hydrocarbon propellants 
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Raytheon Silicon Extends IR-Dome Transmission 


markable performance chalked up by the | 
Navy’s air-to-air Sidewinder. Map- 
ping by infrared techniques has been 
urged at least to supplement radar if | 
not replace it completely in some areas. 

Purity of the Raytheon silicon is 
reported to be one part in 100,000,000. 
The company is presently manufac- 
turing optical parts of the material, 
including Jenses and prisms, for IR) 
speaker systems, Mr. Letaw said. 
The IR-dome program is in the de- 
velopment phase. 

A number of substances are in com- 
petition with silicon, however. Each 
has characteristic advantages and dis- 
advantages in the mechanical, thermal, 
transmission and wave-length range 
properties required. Arsenic trisulfide, 
with low mechanical strength, trans- 
mits infrared waves between 1.5 and 
10 microns; germanium passes waves 
from 2 to 15 microns, but suffers from a 
50 per cent transmission loss; quartz, 
with excellent mechanical properties, 
reaches only up to the 4 micron wave 
level (or about 600 F); and _ silver 
chloride, boasting a very wide range 
from 2 to 20 microns, is highly sus- 
ceptible to erosion. 

Sapphire (Al,03), perhaps the best 
IR-dome material in use, can pass 
radiations from 250 F bodies (about 7 
micron waves compared with 11 mi- 
cron waves for silicon). Its thermal 
conductivity at room temperature is | 
roughly one-twelfth that of copper 
(vs. one-half for silicon at room tem- 
perature). Its mechanical strength is | 
comparable to silicon, Raytheon’s com- 
parison concludes. 

The company sees the silicon metal 
permitting the “design of lightweight, 
simple infrared systems far less com- 
plicated than other electronic systems 
requiring more tubes and other parts.” 


that would not boil in supersonic flights 
at altitudes of 100,000 ft or more.’ 

- Several such hydrocarbon fuels were 
developed and are now being released 
to the missile and aircraft industries. 
Two of the latest: MIL-F-25656 
(JP-6) and MIL-F-22524. Although 
both fuels show a greal deal of promise, 
neither is yet in quantity production. 
Major portion of present output is still 
being directed into research and eval- 
uation channels. 

The new fuels differ from JP-4 
principally in boiling range. JP-4 has a 
boiling range from about 140 to 550 F; 
MIL-F-25656, from about 250 to 550 F; 
and MIL-F-22524, from about 300 to 
550 F. While JP-4 is satisfactory for 
subsonic jets, Bert points out, it is too 


LIBRASCOPE X-Y PLOTTERS 
offer the highest accuracy in 
rapid graphic presentation for 
data handling. In ever expand- 
ing areas of application —in 
scientific laboratories, indus- 
trial, engineering and business 
offices—wherever automatic _ 
plotting is important. 


Model 200-A 
Potentiometer Transducer type 


NEW LIBRASCOPE 


X-Y PLOTTERS 


Model 200-B 
for DC signal inputs 


Optional accessory input chas- 
sis provide for changing from 
one type of input to the other. 
A complete line of accessories 
— keyboards, binary, punched 
card and punched tape con- 
verters—make the new series of 
Librascope X-Y Plotters ideal for 
any point plotting or curve trac- 
ing assignment. 


ACCURACY: Static-.1% 
Dynamic-.5% at 5”/sec. 
RESPONSE: 1 second full scale 
PLOTTING AREA: 10”x 15” 
Absolutely drift free—High input impedance 
Reliable new ink feed system. 


Send for new 
8 page brochure. | 
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FLEXIBLE SHAFTING 
ELIMINATES GEARING 


Flexible Shafting eliminates the noisy and 
cumbrous gearing used in conjunction with 
solid shafts. It has the ability to transfer power 
_ from remote places, over, under, and around 
_ abstacles found in the path of installation be- 
_ tween the drive and the driven units. Flexible 
_ Shafting requires very few parts, making them 
inexpensive; whereas solid shafts using universal 
joints, miter gears, and gear trains, many times 
would not be feasible because of their noisiness 
or lack of economy. With a Flexible Shaft as- 
sembly, design may be simplified and your en- 
gineering time spent on other necessary com- 
ponent parts without having to worry that they 
will create obstacles when placed where you 
want them. 


Flexible Shafting cuts down on vibration thus 
offering long life with very little maintenance re- 
quired. For complete Flexible Shaft informa- 
tion, write F. W. Stewart Corporation, 4309 
Ravenswood Ave., Chicago 13, Illinois. 


JET 
ENGINE 
CYCLE 


~ 


\ 
‘ANALYSIS / 


Gcod engines result only from good cycle selec- 

tion—and good cycle selection comes from 

exceptional engineers. JED is looking for 

a man well-versed in over-all engine per- 

formance, in thermodynamics, and in opera- 

| characteristics of all engine components 
their inter-relations. 


He will determine standards for compressor, 
turbine, structures, etc., through evalua- 
tion and selection of optimum engine cycles, 
in the light of weapon system mission re- 
quirements. 


Together with highly qualified associates, he will 
be responsible for the design layouts, per- 
formance estimates, and weight tables that 
become the basis for contractural commit- 
ments. 


Attendance and participation in technical 
society meetings wi!l be encouraged. 


Please write, or phone collect: POplar 1-1100 
Mr. J. A. McGovern, Professional Placement 
JET ENGINE DEPARTMENT 
Bidg. 500, Rm. 153 


GENERAL ELECTRIC 
Cincinnati 15, Ohio 


volatile for supersonic vehicles where 
tank fuel temperatures sometimes run 
as high as 400 F. 

Increased stability and lower vola- 
tility of the new fuels were obtained 
through refinement and use of additives. 
But, to achieve this, researchers had to 
pay the penalty of selectness. Be- 
eause the freezing points of hydro- 
carbons increase as volatility decreases, 
there are comparatively few petroleum 
stocks available from which can be 
produced fuels of low volatility that 
still have the required and rather es- 
sential low temperature pumping char- 
acteristics. 

Just where these new fuels will fit in 
the over-all picture no one knows at 
this point. That the new fuels repre- 
sent a major advance over earlier ones 
seems evident, say the engineers. That 
the new fuels are far from the ultimate 
also seems evident. 


Goes to 126 Miles 


Using a “beefed up”’ motor and carry- 
ing an array of electronic equipment that 
will be used in the earth satellite, an 
Aerobee-Hi research rocket reached an 
altitude of 126 miles in a test firing at 
White Sands Proving Ground, N. M., 
last month. 

Considerably short of the 164-mile 
Aerobee-Hi altitude record that the sci- 
entists expected to surpass, the firing, 
according to Naval Research Labora- 
tory’s John W. Townsend, Jr., who di- 
rected the test, was nevertheless ex- 
tremely successful in light of the infor- 
mation obtained. 

At the same time, Navy sources in 


Washington reported that The Glenn |. 
Martin Co., prime contractor on Project 
Vanguard, had rejected General Elec- 
tric’s first-stage engine for the satellite 
launching vehicle because it “did not 
meet specifications.” 

General Electric plans to correct the 
defects, hopes to deliver a second first- 
stage engine for the vehicle this month 
as scheduled. 


New Plant, New Partner 


Callery Chemical Co., developer of 
HiCal high energy missile and jet fuel, 
will begin construction of a new plant 
in Muskogee, Okla., late this summer. 
Scheduled for completion by the end of 
1958, the plant will be operated for the 
Navy as part of Project Zip. 

Although still closely guarded by 
military security, the HiCal fuel that 
will be produced here is described as “‘:, 
mixture of boron, hydrogen, and carbon 
which will multiply the range of a jet 
plane or missile and permit flight at 
altitudes substantially higher than any 
aire raft can reach today without rocket 
power. 

Callery’s parent organization, Mine 
Safety Appliances Co., has also an- 
nounced that Gulf Oil Corp. will join 
MSA in a program of research and pro- 
duction in the field of boron chemistry. 
including high energy fuels. The joint 
program will be carried out by Callery. 


Also in the field of high energy fuels, 
Metal Hydrides, Inc., reveals that it has 
received a second government contract, 
this one for $9,200,000, calling for pro- 
duction of sodium borohydride. De- 
livery, according to the company, will 
be made over an 18-month period. 


SPARROW III, new Navy missile manufactured by Raytheon, is mounted under the 
wing of a jet fighter. 
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FICo controls are used in the atomic 
submarine program. FICo is also 
working toward development of the 
closed-cycle gas-cooled reactor. 


U.S. Navy Photo 
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Fico COMPUTER 


For Special Purpose Computer 


Ford Instrument Company develops and produces the most sail 
ern of special purpose computer and control systems—for missile, 
airborne, shipborne, land-based, and nuclear applications—for 
government and industry. 


FICo is one of the foremost organizations in the United States 
working in the field of automatic control. Hundreds of engineers 
and extended precision mass production facilities enable FICo 
to handle complete systems contracts from start to finish. 
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FICo analog and digital computers can be 


FICo research and design led to im- 
proved safety and arming device 


readily developed and produced—using 
for Army atomic cannon. modular techniques—for special purpose 


U.S. Army Photo applications. 


é FICo launching and control order computers 
are used for Navy A-A missiles, —U.S. Navy Photo 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 


31-10 Thomson Ave., Long Island City 1, N. Y. 
Beverly Hills, Cal. ° Dayton, Ohio 
ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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Fill-In on Regulus II 


First photograph of Navy’s supersonic 
Regulus II shows test vehicle in flight over 
California desert. Built by Chance 
Vought Aircraft, the missile is about 57 ft 
long and has a wing span of about 20 ft. 

MISSILES 
e New hassle in Washington concerns 
admission of the press to launching of 
the first earth satellite. Among others, 
Admiral Rawson Bennett, chief of 
naval research, doesn’t want newsmen 
present. Congress is opposed to the 
press ban. 

e Republic Aviation Corp.’s Guided 
Missiles Div. has received a $3-million 
contract from General Electric Co. for 
assembled nose cone structural units for 
the ICBM. 

In addition to this ICBM program 

and the Terrapin high altitude research 
rocket, Republic’s Guided Missile Div. 
reveals that it is working on an air-to- 
air missile, an air-to-surface guidance 
system, and a project described only as 
“more advanced than the earth satel- 
lite.” 
e The West German Weather Service, 
according to the Christian Science 
Monitor, is planning to use small 
rockets loaded with silver iodide this 
summer in an attempt to break up 
costly hailstorms in Bavaria. 


e Pressing for development of an anti- 
missile program, Lt. Gen. James M. 
Gavin, chief of Army Research and 
Development, recently repeated his be- 
lief that the IRBM and ICBM can be 
defended against. 

e At the same time, Maj. Gen. John B. 
Medaris, commander of the Army Bal- 
listic Missile Agency, pointed out that 
the relative superiority in the develop- 
ment of offensive weapons, especially 
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bad 
Powered by a J-65 turbojet, present m 
sile has exceeded velocities of Mach 

and altitudes of 50,000 ft. Later versic 
of the missile will be equipped with a J- 
turbojet. 


guided missiles, compared to defer 
against them, is greater now than ev 
e Army has awarded contracts for « 
sign, development and fabrication 

prototvpe arming devices for Bom: 
and Redstone missiles to Erco Div. 

ACF Industries, Inc. 

e UNIVAC Div. of Sperry-Rand Cor 
has received a $5-million contract 

produce a guidance system for use in t 
Titan ICBM and Thor IRBM. 

e In a recent press dispatch, Walt 
Dornberger, of V-2 fame and consulta 
to Bell Aircraft, was quoted as sayi 
that mail via guided missile and tel 
vision from outer space could be 
reality in the not too distant future we 
it not for a lack of research funds. 

e Navy has disclosed the existance of 
new rocket-powered missile named Zur 
Missile costs only $150 and is said 

have twice the velocity of the Wor 
War II weapon it replaces. Zuni can | 
used either as an air-to-air missi 
against enemy jets or as an air-t 
surface weapon against pillboxes ar 
tanks. A folding fin solid propellat 
rocket, it is launched from a jettiso1 
able, underwing device which holds fou 
of the non-nuclear Zunis. 

e In a cooperative effort with the A 
Force, the Army Chemical Corps hs 
developed a new, stainless steel, 1500-g: 
trailer designed specifically for filling an 
emptying nitric acid from missiles. 

e Speaking before the American Math 
matical Society, ARS Director Krafft / 
Ehricke discussed the use of gravit: 


To the 
ENGINEER 
of high 
ability 


Through the 
efforts of engineers 
The Garrett Corporation 
__ has become a leader in many 
outstanding aircraft component 
and system fields. 
Among them are: el 


air-conditioning 


pressurization 
heat transfer 


pneumatic valves and 
controls 


electronic computers 
and controls 
turbomachinery 


The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 
industrial products. 
Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 
are now open for aerodynamicists 
...mechanical engineers 
... mathematicians ... specialists in 
engineering mechanics... . electrical 
engineers . .. electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resumé 
of your education and experience. 
Address Mr. G. D. Bradley 


1352 CORPORATION 


9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 
DIVISIONS 
AiResearch Manufacturing, 
Los Angeles 
AiResearch Manufacturing, 
oenix 
AlResearch Industrial. 
Rex — Aero Engineering 
Airsupply — Air Cruisers 
AiResearch Aviation 
Service 
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CABIN AIR COMPRESSORS «+ 


May 1957 


This AiResearch auxiliary power 
package operates the vital electrical 
and hydraulic systems in a missile. 
Gases from a solid propellant spin 
the unit’s turbine wheel at 50,000 
rpm. The turbine’s shaft drives the 
following: a 650 watt generator which 
supplies electrical power to run the 
missile’s guidance system; a 35 watt 
generator which runs the missile’s 
gyros; a hydraulic pump which in 
turn powers the servos that control 


TURBINE MOTORS + GAS TURBINE ENGINES 


reliable system features 
high output with simplicity of design 


the movable flight surfaces of the 
missile’s airframe. 

The hydraulic system features 
drilled passages which eliminate the 
need for potentially troublesome 
plumbing. It includes reservoir, 
filters, temperature compensator, 
relief valve, check valve, and squib 
valve within a single housing. 

This auxiliary power system is an 
example of AiResearch capability in 
the missile field. Inquiries are invited 


CABIN PRESSURE CONTROLS HEAT TRANSFER EQUIPMENT «+ 


Outstanding opportunities for qualified engineers 


CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California... Phoenix, Arizona 


Designers and manufacturers of aircraft and missile systems and components: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 


SPECIFICATIONS: 


Output: 650 watts, 5000 cycles, 
115 volts, single phase 
35 watts, 400 cycles, 115 volts, 
single phase 
0.6 gal. per min. at 2000 psi 
hydraulic pressure 


Regulation: + 5% voltage and 


frequency 
Duration: 27 seconds 
Weight: 9.5 pounds 
Size: 6.14 in. diam., 
6.74 in. long 


Ground power: compressed air 


regarding missile components and 
sub-systems relating to air data, heat 
transfer, electro-mechanical, auxil- 
iary power, valves, controls and 
instruments. 
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ELECTRICAL 
ENGINEERS 


you can help 


fi t 
put the firs ae 


nuclear 


plane in the air 


at the Aircraft Nuclear 


Propulsion Department 


of GENERAL ELECTRIC 


. think of contributing to one of 
the most important events in avia- 
tion history . . . helping bring out an 
engine that has unlimited range . . . 
where fuel can be measured in 
pounds per day rather than 
thousands of pounds per hour. 


Yes. A young engineer can make a 
name for himself here—and he 
doesn’t need previous nuclear train- 
ing to do it. 


If you have from 1 to 5 years’ ex- 
perience—and enough flexibility of 
mind to apply your technical 
knowledge to new fields—you can 
start work immediately in project 
areas like these: 
Controls and _ Instrumentation 


(pneumatic, hydraulic, elec- 


trical, magnetic, servos) 
Printed Circuit Design 


@ Environmental Testing for reac- 
tors, turbojet engines and asso- 
ciated power plant equipment. 


Analog Simulation 


x Your conventional skills will be 
fully utilized, and you’ll learn new 

_ ones on the job—either through 

consultation with experts, courses - 

¢= nuclear technology at the plant, « 

~ graduate study on a 100% Tuition 

Refund Plan. 


FREQUENT MERIT REVIEWS 
OUTSTANDING BENEFITS 
RELOCATION EXPENSES PAID 


Choice of two locations: 
a oi Cincinnati, Ohio or Idaho Falls, Idaho 


Write in confidence, stating salary re- 
quirements, to location you prefer: 


Mr. L. A. Munther 


P. O. Box 535 
Idaho Falls, Idaho 


Mr. J. R. Rosselot 
P. O. Box 132 
Cincinnati, Ohio 


GENERAL ELECTRIC 


tional pull from the moon to “whip” a 
space vehicle from earth into the orbit of 
Mars or Venus, thereby effecting a 
significant saving in fuel. 

e Court martial of Col. John C. Nicker- 
son (JET Propuusion, April 1957, p 
429) is scheduled to get under way on 
May 15. 

e In a rezent speech on the Senate 
floor, Sen. Henry Jackson (D., Wash.) 
declared that Russia is developing an 
ICBM that will travel 5500 miles in 30 
min, an IRBM that will cover 1500 
miles in 10 min and has in working 
operation a  200-mile submarine- 
launched missile. 

e Aerojet-General Corp. has signed an 
agreement with D. Napier & Son Ltd. 
(England) for the exchange of technical 
knowledge on liquid fuel rocket engines. 
e To furnish atomic firepower necessary 
to reinforce the defense capacity of 
ground forces, the Army is organizing 
Atomic Support Commands armed with 
Honest John rockets and Corporal 
guided missiles. 

e At the same time, according to De- 
fense Secretary Charles E. Wilson, the 
Dept. of Defense has begun deployment 
of nuclear weapons within the U. 8. for 
air defense purposes. First such weapon 
is an air-to-air rocket; next will come 
surface-to-air missiles Talos and Nike- 
Hercules. 

e Scheduled for completion late in 1960, 
Navy’s first nuclear-powered guided 
missile cruiser will be namiéd Long 
Beach. Ship will be built by Bethle- 
hem Steel Co. while General Electric 
Co. will supply the main propulsion 
turbines and gears and Westinghouse 
will produce the nuclear reactors. 

e Northern Ordnance, Inc., has _re- 
ceived a $7-million Navy contract to 
supply gun mounts for new guided mis- 
sile destroyers and frigates and a 
$23-million Navy contract for produc- 
tion of launching systems for the Terrier 
missile. 

e “Project Snooper: A Program for 
Reconnaissance of the Solar System 
with Ion Propelled Vehicles,’ a paper 
delivered at the recent ARS Meeting in 
Washington by M. I. Willinski and 
E. C. Orr of Rocketdyne Div. of North 
American Aviation, has taken on added 
significance with the announcement 
that the Air Force has awarded Rocket- 
dyne a $50,000-a-year contract to ex- 
plore the use of ions “as a possible 
source of power’ for space ships and 
missiles. 

e Washington expects the Air Force 
Thor to be ready in a few months. The 
1500-mile missiles will be equipped with 
nuclear warheads and are to be based 
in Europe. 

e Meanwhile, the Ding-Dong (MB-1) 
air-to-air missile with a nuclear warhead 
is reportedly arming present jet inter- 


ceptors such as the F-102, F-89J and 
F-101B. Stockpiles of the atom-tipped 
missiles will be stored at various inter- 
ceptor bases around the country. It 
was stated that the system is safe and 
will pose no hazards. However, a jet 
interceptor reportedly armed with Ding- 
Dong was lost in the western mountains 
and searchers were warned to stay away 
from the ship if found. 

e At an ARS meeting in Huntsville, 
H. W. Ritchey stated that Thiokol’s 
Redstone Div. had built and test fired 
the largest solid propellant rocket. This 
rocket is said to have compared in size 
with a liquid propellant rocket. 

e General Electric Co. will build a 
closed-circuit color TV system for in- 
stallation at the Florida test range. The 
system will give a close-up view of mis- 
sile launchings and be able to follow 
missiles up to altitudes of possibly 
100,000 ft. Cost of the CCC-TV system 
is estimated at between $25,000 and 
$100,000. In another GE contract, 
$83 million will be spent for electronic 
guidance equipment for the Atlas 
ICBM. Atlas is reported to be near a 
flight test and first firing is expected to 
take place within a few months. Opera- 
tional status, however, may be several 
years off. 

e The Air Force has told industry that 
more and cheaper missiles are needed 
for national defense. However, missiles 
have to mature, it was said, and indus- 
try will have to work to improve reli- 
ability. 

e The view that space travel will be 
commonplace within the next 50 years 
is held by Captain Eddie Rickenbacker. 
The famed air ace made the prediction 
at a recent Philadelphia talk. 


e Additional details have been given of 
the North American Aviation rocket 
engine used on sleds at Edwards and 
Holloman ABB. Burning lox and alco- 
hol, the engines produce 35,000-50,000 
Ib thrust. Propellants are pressurized 
at 3000 psi and the mixture burns at 
4700 F. In a recent test (photo) the 
rocket accelerated a 5000-lb sled to a 
speed of 900 mph in 4.2 sec. One of the 
engines used at Edwards was fired over 
120 times. 

e On another track, SNORT at China 
Lake, Calif., Aerojet-General has oper- 
ated a liquid propellant rocket sled 
using red fuming nitric acid and JP-X 
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MISSILE SYSTEMS 


THERMODYNAMICS 


Dr. Lloyd H. Wilson (left), Thermodynamics Section engineer, discusses 
comparisons between theory and free flight test experimental data on boundary 
layer transition in hypersonic flow with Maurice Tucker (center), head of the 
Aero and Thermodynamics Department, and Thermodynamicist'Karl G. Reseck. 


Few areas of missile systems endeavor have equalled the 

increasing importance or complexity of Thermodynamics. Moreover, 
_itis an area that promises to assume even gréater magnitude 

as problems now being approached require major advances in 

Thermodynamics research and development. 


At Lockheed Missile Systems Division, Thermodynamics engineers 
and scientists are performing work of a most advanced nature on: 

®" Design of re-entry configurations 

# Thermodynamic integrity of components 


® Dynamics of rarified gases 


Significant developments in these areas have created supervisory 
positions for engineers and scientists possessing exceptional ability 
and experience in these fields. A need also exists for individual 
research and development analytical activities. Positions are open in 
both Van Nuys and Sunnyvale engineering centers. Inquiries are invited. 


MISSILE SYSTEMS DIVISION 


research and engineering staff LOCKHEED AIRCRAFT CORPORATION 
VAN NUYS PALO ALTO + SUNNYVALE CALIFORNIA 
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SPERRY ANNOUNCES 


DIVISIONS 


“In the years ahead, the nation’s requirements for new and more efficient weapon | systems, 
delivered at maximum speed and minimum cost, will impose greater demands on industry. 
For its part, Sperry is moving to meet these demands with the formation of our new Air 
and Surface Armament Divisions. 


“Objective of this product-team realignment within the Sperry o organization is to assure 
more advanced design, shorter lead times and lower costs in the development of weapon 
systems in these two categories. Each division, with its own engineering, manufacturing and 
contract organization, includes specialists in radar, fire control, gyroscopics, navigation, iner- 
tial guidance and all the allied sciences essential in the engineering of complex weapon systems.” 
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SAMUEL AGABIAN has been appointed 
Manager of the Air Armament Divi- 
sion. Formerly works manager, Mr. 
Agabian is an Annapolis graduate 
and former Marine Corps officer. 
His work at Sperry has included re- 
sponsibility for computing gunsights, 
bombsights, antiaircraft devices, 
radar and infrared developments. 


MYRON YCKWOOD, manager of 
the Surface Armament Division, was 
formerly a systems engineering 
director. A World War II Lt. Col. 


Artillery, and military-technical 


advisor at M.I.T., Mr. Lockwood 


has been associated with Sperry 


projects in underwater torpedo fire 
controls, guidance computers for 
missiles, antiaircraft control systems 
inertial navigation equipment. 


Air-to-air missiles and systems 

Air-to-surface missiles 

Airborne beacons 


Airborne electronic countermeasures 


Bombing-navigation systems Th. 
Aircraft fire control radars “ 
Airborne inertial systems 


SURFACE | 


ARMAMENT 


Surface-to-surface missiles 
Surface-to-air missiles 

Ground and shipboard search radars 

Ground and ship tracking radars 

Battlefield surveillance equipment 

Mortar and artillery locators 

Land, ship and submarine fire control systems 
Computers 

Land and ship-based transmitters 

Weapon direction systems 

Ground and ship-based electronic countermeasures 


GYROSCOPE COMPANY 


Great Neck, New York 
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ENGINEERS 


Aerodynamics & Propulsion 


7 + 

Johns Hopkins University 

ake Applied P hysics Laboratory 


ANNOUNCES 


...important openings on our 
guided missile research and devel- 
opment staff for men who wish to 
identify themselves with an organ- 
ization whose prime purpose is 
scientific advancement. 


Because the Applied Physics 
Laboratory (APL) exists to make 
rapid strides in science and tech- 
nology, staff members require and 
receive freedom to inquire, to ex- 
periment, to pursue tangential 
paths of thought. Such freedoms 
are responsible for findings that 
frequently touch off a chain reac- 
tion of creativity throughout the 
organization. As a staff member 
of APL you will be encouraged to 
determine your own goals and to 
set your own working schedule. 
You will also associate with lead- 
ers in many fields, all bent on 
solving problems of exceptional 
scope and complexity. 


Equidistant between Baltimore, 
Md., and Washington, D. C., our 
new laboratory allows staff mem- 
bers to enjoy suburban or urban 
living and the rich cultural, edu- 
cational and research facilities 

offered by both cities. 


Openings Exist in 
These Fields: 


DEVELOPMENT: Stability and control analysis; 
ramjet engine design; preliminary design and 
wind-tunnel testing. 


RESEARCH: Interference and heat transfer 
phenomena; internal aerodynamics; hyper- 
sonics, turbulence, shock wave phenomena; 
combustion. 


SEND NOW FOR OUR NEW 30- 
PAGE PUBLICATION DESCRIBING 
IN DETAIL THE SCOPE OF THE 
LABORATORY’S PROGRAMS AND 
THE UNIQUE ENVIRONMENT IN 
WHICH STAFF MEMBERS WORK 
AND LIVE. 
WRITE: 
Professional Staff Appointments 
The Johns Hopkins University 
APPLIED PHYSICS LABORATORY 
8617 Georgia Avenue 
Silver Spring, Maryland 


(40 per cent UDMH and 60 per cent 
JP-4) with a starting shot of aniline and 
furfuryl alcohol. The motor delivers 
35,000-lb thrust and uses a gas pres- 
surized system with a ceramic-lined 
chamber. Aerojet is now building a 
rocker engine and tankage for the 
SMART track at Hurricane Mesa, 
Utah. 

e We can now send a rocket 2000 miles 
into space and recover payloads for 
scientific research. In a recent sym- 
posium held at RIAS, Inc., subsidiary 
of The Martin Co., it was proposed to 
send sheets of photo film into space to 
record primary cosmic ray intensities. 
Rocket components now available could 
project a 150-lb payload to 2000 miles 
for such a project. 

e First stage of the Lockheed X-17 test 
vehicle (JET Propuusion, March 1957, 
p. 299) was developed by Thiokol 
Chemical Corp. It is a modification of 
the Sergeant solid propellant rocket 
motor. Second stage consists of three 
solid propellant Recruit rocket engines, 
also developed by Thiokol. A single 
Recruit rocket makes up the third 
stage. 

Thiokol also has revealed that it has 
under development or in production 
rocket engines for the Lacrosse, Nike- 
Hercules, Matador “B,”’ Falcon and 


Terrapin. 


AIRCRAFT 


e Republic Aviation Corp. has obtained 
a license to manufacture Sud-Aviation’s 
gas turbine helicopter, Alouette II 
(photo). 


e Ona recent flight from Seattle to Bal- 
timore, prototype of the Boeing 707 jet 
airliner averaged 612 mph over the 
2330-mile route. 

e Scheduled for use on the Lockheed 
Electra sometime in 1958, the Allison 
501-D13 propjet engine is now being 
flight tested in a converted twin-engine 
commercial airliner. 

e General Dynamics Corp. has awarded 
General Electric a $20-million contract 
to make engines for Convair’s future jet 
transport. 

e Under Navy contract, Solar Aircraft 
Co. will carry out a value analysis of the 
cémpany’s 50-hp Mars gas turbine en- 
gine. 


e Task Corp. has developed a special 
wind vane for Ryan Aeronautical Co. 
Mounted on a nose boom, the unit 
(photo) will be used in the measurement 
of angles of attack and sideslip at the 
relatively low airspeeds experienced in 
VTOL flight. 

e Chance Vought’s F8U-1 Crusader has 
completed its Fleet Introduction Pro- 
grams and is being delivered to Navy 
squadrons for operational duty. 

e Pratt & Whitney’s J-57 and J-75 
have become the first American-made 
jet engines certified by the Civil Aero- 
nautics Board for commercial use by 


airlines 


e@ Scheduled to reach its production 
peak in 1958, Republic’s F-105 Thunder- 
streak (photo) fighter-bomber will be 
powered by a Pratt & Whitney J-75 
turbojet and be capable of carfving a 
nuclear bomb. 


e Lycoming claims its new T-55 en- 

gine is the most powerful free power- 

turbine aircraft engine ever developed 

in America. 

e Kollsman Instrument Corp. says 

its Integrated Flight Inst:ument Sys- 

tem will be standard instrumentation 

on the new Convair 880. 

e Australian air force plans to use 

F-104 fighters equipped with J-79 

turbojet engines. 

e Garrett Corp. will supply actuating 

systems for Convair’s B-58 supersonic 

bomber. 

e Lockheed will build a large amount 

of tooling on the new Fairchild F-27 

propjet transport under an $800,000 

contract from Fairchild. 

e The Air Force has contracted to buy 

$13,300,000 worth of J-75 turbojet 

engines from Pratt & Whitney. 

e Army Transportation Corps has 

awarded Kellett Aircraft Corp. a con- 

tract for the design and development 

of a two-man helicopter. 

e Douglas Aircraft Co. has developed 

a device which prevents jet engines 

from sucking up foreign objects off 
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the ground. Tagged a “Blowaway 
Jet,” the unit breaks up or dissipates 
the whirling vortex which forms ahead 
of jet engines before it develops enough 
power to toss foreign material into the 
jet inlet. The device, says Douglas, 
will be used on all DC-8 airliners. 


e McDonnell Aircraft Corp. says that 
its newest jet interceptor, the F-101B 
Voodoo (photo), has successfully com- 
pleted its first test flight. 

e Douglas Aircraft Co. has proposed a 
new utility assault aircraft to the Navy. 


Designated Model 1906A. the plane 
would be powered by four Lycoming 
T-55 turboprop engines. 

e Temco Aircraft Corp. has ordered 30 
ejection seats from Hardman Tool & 
Engineering Co. for the Temco TT-1 
primary jet trainer. 

e Aerojet-General Corp. claims that 
its AeroBrake thrust-reverser has been 
successfully tested on an Allison J-71 
jet engine. 

e Another thrust-reverser, this one by 
Curtiss-Wright Corp., is said to shorten 
landing roll up to 50 per cent. 

e Air Force has decided to halt work on 
Douglas’s C-132 turboprop air trans- 
port. 

e Reaction Motors, Inc., will produce 
the propulsion system for the X-15 
manned rocket aircraft now under de- 
velopment at North American Aviation. 
The RMI powerplant is described only 
as a large liquid propellant rocket engine. 
¢@ Lockheed’s experimental U-2 jet air- 
craft crashed last month in a remote 
desert section of eastern Nevada. Pilot 
Robert L. Sieker was reported killed in 
the crash. The plane was designed as 
an upper air research vehicle for the 
National Advisory Committee for Aero- 
nautics. 


COMPANIES 


e Bristol, Tenn., will be the site of a 
new 150,000 sq ft plant for Sperry Rand 
Corp. About 1200 men will work here 
on naval ordnance systems, air naviga- 
tion equipment and missile system 
equipment. 

e Test sets for missile guidance com- 
puter units will be produced by Con- 
solidated Avionics Corp., Westbury, 
L. I., N. Y., under a $250,000 contract 
with American Bosch Arma Corp. The 
test sets will be used to check out missile- 
borne computer units prior to installa- 


tion in inertial navigational systems of 
completed missiles. 

e In operation at Ramo-Wooldridge 
Corp., a new data reduction center 
rapidly converts telemetered test data 
into forms suitable for engineering 
analysis. 

e Rocketdyne has taken full occupancy 
of its new $4-million factory at Neosho, 
Mo., where it will manufacture rocket 
engines for the ballistic missile program. 
Work is still under way at the test sta- 
tion area of the $13.2-million facility. 
Total employment is expected to reach 
1000 by the end of 1957. 

e Kama Instrument Corp., Mineola, 
N. Y., manufacturer of fine wire wound 
components for the Nike, is to become a 
subsidiary of the Narda Corp., also of 
Mineola. 

e General Electric Co. will produce elec- 
tronics for the ICBM at a new Utica, 
N. Y., facility formerly used by the 
Oneida Knitting Mill. 

e Establishment of a new firm, DATICS 
Corp. (Fort Worth, Tex.), was an- 
nounced. The firm will offer services in 
the electronic computing and data 
processing field. 

e The fluorocarbon, Kel-F, will hence- 
forth be manufactured by the Minnesota 
Mining and Manufacturing Co. The 
firm will take over the Kel-F manufac- 
turing facilities adjacent to developers 
M. W. Kellogg in Jersey City, N. J. 

e Development of a small radio theodo- 
lite will begin under a $1.2-million con- 
tract by Servo Corp. of America, New 
Hyde Park, N. Y. The instrument is to 


New 

Centrifuge 


track automatically a radiosonde trans- 
mitter of 50 milliwatts power from a 
distance of 100 miles. 
e A new reconnaissance systems labora- 
tory has been established at Mountain 
View, Calif., by Sylvania Electric 
Products. The lab will engage in re- 
search and development work on new 
techniques and electronic systems for 
intercepting radio signals. 
INSTITUTIONS 
e A series of special summer programs 
has been announced by the Massa- 
chusetts Institute of Technology. 
Topics of missile interest include: 
Modern developments in combustion, 
missile aerodynamics, turbomachinery 
and thermodynamics. 
e Asa follow-up to last year’s successful 
conference on ‘Metals at High Tem- 
peratures,” Gordon Research Confer- 
ences is planning another metals sym- 
posium this vear. The second confer- 
ence is now scheduled for June 17-21 at 
New Hampton School, New Hampton, 
N. H. Further information may be 
obtained by writing to W. George 
Parks, Director, Gordon Research Con- 
ferences, University of Rhode Island, 
Kingston, R. I. 
e Subject of the spring meeting of the 
Commercial Chemical Development 
Assn., to be held May 13-14 at French 
Lick, Ind., will be “What the Rocket 
and Missile Program Means to the 
Chemical Industry.’”’ Discussions will 


center on growing requirements of the 
rocket and missile program for fuels, 
oxidizers and propellants in general. 


Technician adjusts test equipment mounted on auxiliary 
turntable carried on one arm of a new 100*g centrifuge at 
Flight Development Establishment of D. Napier & Son 
Used for testing missile components, 
Dine the centrifuge, Napier claims, is the most powerful and 
versatile in England. 
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TITANIUM METALS CORPORATION 


Falling apples fascinated Sir Isaac Newton. No 
doubt he enjoyed a few of them while devising his 
famous gravitational formulas. Newton’s con- 
cern was with what came down, whereas aviation 
engineers today are primarily concerned with what 
goes up. Even so, the gravitational challenge is the 


same. 
A jet plane, intercontinental missile—or any- 


thing that moves — usually leaves the design stage 
too heavy for optimum performance. To be spe- 
cific — the specific gravity of the material of con- 
struction is too high. 

Now, with Titanium, the design engineer can cap- 


1957 


Getting specific 


Titanium 


about gravity! 


ture the strength of alloy steel at barely more than 
half the weight. What’s more, Titanium is un- 
affected by most corrosives . . . and is impervious 
to the deadly attack of sea water and marine atmos- 
pheres. Its coefficient of expansion islow . . . and 
it can withstand long-time operating temperatures 
as high as 1000°F. 

All types of Titanium mill products, from foil to 
seamless tubing, are made by TMCA. With produc- 
tion going up and prices going down, now is a good 
time to design with Titanium. Technical literature 
on Titanium is available just by asking. 


OF AMERICA, 233 Broadway, New York 7, N.Y. 
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Air Force crew readies sled equipment 
prior to acceleration tests. Inset: Fairchild 
Motion Analysis Camera was focused on for- 
ward shoe. With lens pointing forward, it 
= took clear, steady pictures at 1209's ini- 
he tial, 45g's average state. Photo courtesy 
Coleman Engineering Company, Inc. 


vibration and shock. 


"3 raphy? Mail the coupon today. 


Shock: 165g's repeatedly 


Steady pictures at 120q’s 


_ Fairchild high-speed camera records 
shoe action in rocket sled test 


If you have ever analyzed high-speed phenomena, you can appreciate this 
Fairchild Motion Analysis Camera’s performance in a recent Air Force rocket 
sled test. With lens pointing forward, the camera caught the action of the 
sled shoe without film jump or flutter —in spite of the high acceleration, 


Designed for airborne and vehicular applications, the Model HS100 has 
consistently taken good pictures under the following environmental conditions: 


10g's at 100, 200 and 500 cycles 
Temperature: —65°F to 194°F (without heaters) 


Only 11 Ibs. in weight, the Model HS100 has motor ranges of 16-100, 32-250, 
80-2000, 700-2400 pictures per second with stop-start operation at speeds up 
to 450 pps. Lenses range from 3.7mm to 152mm. 

Like to know more about the Fairchild HS100 and high speed photog- 


IRGHILD 


CORPORATION 


AND 4 


Industrial Camera Division 


FAIRCHILD CAMERA & 

INSTRUMENT CORP. 

Industrial Camera Division, Dept. 130-3F 
88-06 Van Wyck Expressway, 

Jamaica 1, N. Y. 

West Coast: 6111 E. Washington Bivd., 
Los Angeles, Calif. 


Please send me de- 


tails on the Fair- Name Title 
child MAC and your 
free newsletter 
What's Going On In Street 
Photographic Instru- City 
mentation? 
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FOREIGN 


England: U.S. will supply Britain 
with IRBM’s to be based in England. 
Nuclear warheads for the missiles will 
be stored nearby but under U. 8. 
control. Meanwhile, Britain is going 
heavy on missiles and light on 
bombers. Battleships will be 
scrapped; the draft will be stopped by 
1960; bomber production will be cur- 
tailed; and interceptors may be cut 
back. 

e The Society of British Aircraft Con- 
structors revealed in March that 400 
companies—the greater part of Britain’s 
aircraft industry—are engaged in 
guided weapon work. “It was logical to 
assume that in view of the ten-year de- 
velopment plan initiated in 1947, our 
guided weapons might be operational in 
the ‘not too far distant future.’ ”’ 

e Bristol Aircraft Co. is testing the 
Bobbin, a recoverable ramjet missile, at 
Weapons Research Range in Woomera, 
Australia. 

e An advanced party of 300 servicemen 
was scheduled to land on the lonely St. 
Kilda island group in the Outer Hebrides 
last month to prepare the way for estab- 
lishment of a base for guided weapon 
tracking in connection with plans to 
establish a test and training range in the 
South Uist area. The St. Kilda group 
is on the flank of the proposed range. 
As a first step, two observation stations 
will be set up on high points on the main 
island of Hirta. The eventual perma- 
nent staff, mainly army personnel, i 

foreseen at from 40 to 50. 

e De Havillands announced that they 
are to carry on with their Gyron engine, 
D Gy 2, as a private venture following 
a decision by the Ministry of Supply to 
discontinue official support, which has 
extended over the last four years. The 
engine has an “approved static thrust’’ 
of 20,000 Ib without reheat, increased to 
25,000 Ib with reheat. It is believed to 
be more powerful than any other in the 
world and was developed, starting late 
in 1950, as a powerplant for supersonic 
aircraft capable of Mach 3. 

e The Short SC1, Britain’s first vertical 
take-off jet plane (Jer 
February 1957, p. 193), made its maiden 
flight last month at the Ministry of 
Supply’s experimental field at Boscombe 
Down, Wiltshire. Tom Brooke-Smith, 
38, the firm’s chief test pilot, took her 
round on several circuits at 2000 ft. 
Only one of the Rolls Royce RB 108 
small high thrust jet engines appeared 
to be in use. The rest are believed to 
be used to sustain vertical flight. 

Russia: The possibility of launch- 
ing satellites from multistep vehicles 
based on turbojet and ramjet first and 
second stages is discussed by the 
chairman of the astronautical section 
of the Central Acronautic Club of the 
USSR, M. Varvaroy, in an article in 
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Multiple Mitchell Cameras on Mobile Turret at U. S. Noval Air Missile Test Center, Point Mugu, Calif. Seventeen 35mm and five 16mm Mitchells are used here. 


CAMERA BECOMES BASIC RESEARCH TOOL 


Vital Projects Now Heavy Users of Motion Picture 
Cameras With Flexible Performance Range 


Accelerated project work has today put increased 
demands upon motion picture equipment. Because of 
the need for a camera which can perform under a 
broad range of research and development require- 
ments, the Mitchell Camera has today become the 
standard basic motion picture camera used in proj- 
ects in this country and abroad. 


No other single camera can be used so flexibly, 
under such extreme filming conditions, and for such 
a broad range of cinematography as can a Mitchell 
Camera. In one location, alone, 200 Mitchell 35mm 


200 Mitchell Cameras, mostly high-speed Powered Tracking Mount has Mitchell Cam- ‘ 
models, are in use here at White Sands Prov- eras; over 50 Mitchells ore used at U.S. Noval and 16mm cameras are now in use at White Sands 
ing Ground, New Mexico. Ordnance Test Station, Inyokern, Calif. Proving Ground. 


Mitchell Telephoto Tracking Camera in vse One of 12 Mitchell cameras used to track Write today on your letterhead for information 


at Air Force Missile Test Center, Cape Cana- missiles at Holl Air Develop t Center, on the Mitchell Camera line. 
veral, Florida. Alamogordo, New Mexico. 


Official U. S. Army Photograph 
Official U. S. Navy Photograph 


CORPORATION 


666 WEST HARVARD STREET 
GLENDALE 4,CALIFORNIA 


Cable Address: ‘‘MITCAMCO”’ 


Official U. S. Air Force Photograph 
Official U. S. Air Force Photograph 
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Science and Life (published by 
Pravda). He claims that this would 
offer great economies in fuel and sim- 


REVERE FUEL METER 
Two alternatives are offered. In the 


first, turbojet motors are suspended in 
pods below the large wings of a rocket 
vehicle and sustain it in flight through 
the denser layers of the atmosphere to a 
height of 20 to 25 km, by which time, he 
claims, it might reach a speed of 2000 
km/hr. The turbojets would then be 
jettisoned and climb would be sustained 
by ramjets which would take the vehicle 
to a height of 35-40 km and give it a 
speed of 5000 km/hr. The ramjets 
would then also be jettisoned and the 
rocket would continue its upward climb 
with liquid-fueled motors either single 
or multistaged. 

Pointing out that it is not always 
economical to jettison motors in this 
fashion, Varvarov suggests as his 
second alternative that a series of 
vehicles might be used. The rocket or 
rockets would be carried on the back of 
a winged ramjet plane that would in 
turn be carried on the back of a larger 
turbojet plane. The performance to be 
aimed at for the various stages would be 
the same as with the first alternative. 

The second plan, says Varvarov, 
would be particularly appropriate when 
atomic motors become available. Either 
plan would make it possible to consider 
construction of an ISZ (artificial earth 


No more separate sampling of military aviation fuels to determine 
and dimensions than has been contem- 
specific gravity . . . no more computations to convert gallons into plated hitherto 


pounds. This new Revere Gravimetric Meter measures fuel delivered 


from tank truck or fueling pit to plane directly in pounds .. . in one e U. 5. reports say that Russia has 


already fired 50 long-range (750-1000 


easy step. ‘ 
Because fuel energy is proportional to weight rather than volume, 
the new meter facilitates precision flight planning. It also minimizes ee ee 
up nuclear missile launching sites in East 

errors in weight-and-balance computations. Germany, Czechoslovakia and Hun- 
It contains two measuring elements . . . a highly accurate Neptune gary. At the same time the Kremlin is 
Red Seal volumetric meter, coupled with a sensitive Revere Densi- cautioning Sweden, Norway, Denmark, 
tometer which continuously measures the density of the fuel passing England and France against permitting 


the U.S. to set up missile bases in their 


through the meter. The Gravimetric Meter automatically compen- 
countries. 


sates for changes in density caused by temperature variation or 
change in type of fuel, ranging from 5.4 to 7.4 pounds per gallon. e With the Red ICBM said to be on a 
Accurate to 0.5% of total delivery. Flow range is 250 to 2,200 ppm “crash basis,” the IRBM operation is 
at density of 7.4 ppg; 250 to 1,600 ppm at 5.4 being set up as an independent ‘rocket 


corps.” 


ppg. Other flow ranges available. Meets ap- Pre 
plicable sections of MIL Specification F-8615. e Latest reports of the Russian satellite 
; - se } program state that its payload will be 
j some 50-100 lb in weight and will be 
Write today for Bulletin 1060 j= _— launched in a pole-to-pole orbit. 
..- full details of the Revere i 7 
Gravimetric Meter for Ground Fueling | Germany: The new German army 


under NATO has asked for nuclear 
armed missiles, presumably the long- 
range variety, to counter the growing 


Soviet threat. 
— France: Two large SEPR solid 
propellant rockets have been publicly 
viewed. - Largest is the Model 73 
0 p 0 R T | 0 OF A E R | A 13 booster which develops 45,000-Ib 
thrust for 4 sec. Total weight is 1630 
Ib. Propellant J,, is 192 sec. Model 


(Continued on page 574) 
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WALLINGFORD, CONNECTICUT A Subsidiary of Neptune Meter Company 
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The Type 141F12 Rotary Torque Booster is a fail- 
safe hydraulic amplifier. It is commonly “sand- 
wiched” between a turbojet engine control and 
the throttle lever — reduces substantially the 
pilot’s effort to move the throttle. In a typical 
installation with a fuel supply of 200 psi, the 
torque output to the engine control is 80 inch- 
pounds at an input level of 10 inch-pounds. Either 
fuel or oil may be used as the operating medium. 
Pressures from 150 to 900 psig are suitable. 


Unique dirt-insensitive servo valve construction, 
plus double failure protection against torque 
feedback to throttle input, accounts for the high 
reliability of the Booster. Even if hydraulic power 
should fail, a direct mechanical link permits no- 


FAIL 


-SAFE, 


RETURN 


SUPPLY 


boost operation of the engine control. Construc- 
tion is such that input overloads of 600 inch- 
pounds can be handled without damage. 


Manning, Maxwell & Moore will gladly provide 
engineering assistance in applying the Type 
141F12 Rotary Torque Booster to any installation 
where the torque necessary for angular position- 
ing exceeds specified requirements. 


INTERESTING OPPORTUNITIES are now open to elec- 
trical and mechanical engineers who become asso- 
ciated with our Aircraft Products Division. We 
cordially invite you to write or phone Mr. J. W. 
Cross, Manning, Maxwell & Moore, Inc., Shelter Rock 
Lane, Danbury, Connecticut. 


May 1957 
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MANNING, MAXWELL & MOORE, 


INC. 


AIRCRAFT PRODUCTS DIVISION « DANBURY, CONNECTICUT + INGLEWOOD, CALIFORNIA 
OUR AIRCRAFT PRODUCTS INCLUDE: TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS * ELECTRONIC AMPLIFIERS 
PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES * THERMOCOUPLES 
HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS. 
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EVERAL research projectson nuclear 

fusion are under way in this coun- 
try and, no doubt, similar efforts are 
taking place elsewhere in the world. 
Project Sherwood, at Los Alamos, 
directed by Amasa S. Bishop, and Proj- 
ect Matterhorn, at Princeton, directed 
by Lyman Spitzer, Jr., are the best 
known of these. Research is also being 
conducted at the radiation laboratories 
at Berkeley and Livermore. 

The great effort concentrated on the 
research on the nature of fusion processes 
and their practical application is hope- 
fully believed to solve all energy prob- 
lems. The sources of fossil fuels such as 
coal and oil are running short and will 
eventually be exhausted. Even though 
new oil reserves are discovered every 
day, no prospector will promise the 
supply will last for more than another 
hundred years at the present consump- 
tion. It seems a great waste to utilize 
coal and petroleum for simple burning 
or combustion when they can be more 
effectively used in the chemical industry 
as raw materials. 

Ten years ago papers optimistically 
described the glorious future of a 
civilization based on the utilization of 
fission energy; today the picture has 
changed. Processable reserves of fis- 
sionable materials such as uranium and 
thorium will last only a few centuries at 
the expected increase in energy con- 
sumption. 

Another serious problem is_ intro- 
duced in the form of radioactive waste 
from the fission reactors. Even today 
reactor stations must employ ingenious 
methods to reduce the over-all weight of 
radioactive end products. Fusion reac- 
tions, however, render no appreciable 
amount of hazardous material. 

Finally, the cost per energy unit of 
fusion materials, such as deuterium, is 
only a small percentage of the cost of 
fissionable materials, which must be ex- 
tracted from low-grade ore. 

Solar energy is often mentioned as a 
potential energy source. There is little 
doubt that the collection of the heat 
from the sun will support the energy 
need of future generations, but solar 
energy is not sufficient as the single 
source. 

These considerations, then, are the 
basis for intensive research in the scien- 
tific world on fusion. 


Table 1 Fusion reactions 
He3 


He! 
He! 
2He4 
2He!4 


+ n+ 3.25 
+ p+t+ 4 Mev 

+ n+17.6 Mev 
+ p+18.3 Mev 

+ 17.3 Mev 


Fusion Processes 


Thermonuclear reactions, or fusion 
processes, are reactions between the 
charged nuclei of light elements. The 
nuclei form new elements with a mass 
which is almost equal to the sum of the 
masses of the reactants. The fraction 
of mass liberated by the process appears 
as energy in the form of radiation, or 
rotational and translational energy of 
the end products. Table 1 lists several 
fusion reactions. ! 

Reactions 1 and 2 compete with equal 
probability. Their end products can 
further react after 3 and 4, two processes 
with high energy yields. 

The reacting nuclei have positive 
charges, and the Coulomb barrier must 
be penetrated before fusion can take 
place. One way of accomplishing this is 
to give the nuclei sufficient kinetic 
energy. The corresponding temperature 
equals several million degrees Kelvin. 
Thus we have the problem of heating 
the nuclei to a temperature where the 
energy distribution ensures a sufficient 
reaction rate. This operation is the 
ignition process. 

The next problem is to maintain the 
rate of fusion at a level where the proc- 
esses yield enough energy to account for 
losses to the surroundings and for the 
heating of new reactants. The radiation 
losses increase with the square of the 
linear dimension of the fusion chamber, 
while the volume, and thereby the mass 
of energy-producing plasma, increases 
with the cube. Thus a sufficiently large 
chamber will assure the energy balance. 
Such a solution is adequate for the sun 
and stars, but is hardly desirable for the 
population of the earth. 


1 Post, Richard F., “‘Controlled Fusion Re- 
search—Application of the Physics of High 
Temperature Plasmas,’’ Rev. Mod. Phys., vol. 
28, no. 3, July 1956. 


The ignition of a fusion reactor will 
not introduce any unknown problems. 
The thermonuclear bomb of today is 
ignited by a fission reaction, and this 
method could probably be applied to a 
reactor after development problems 
have been solved. 

Another possible ignition method may 
be derived from plasma physics. (A 
plasma is defined as a fourth state of 
matter following the solid, liquid and 
gaseous states. A plasma is outwardly 
neutral, whereas the matter may be 
partly or completely ionized to form 
electrically equal amounts of ions and 
electrons. The conductivity can be 
compared with that of metals. The 
fluid dynamic properties resemble those 
of liquids. It may be surprising to 
realize that our universe consists mainly 
of matter in the plasma state. Con- 
cepts of the astrophysicists have there- 
fore been the foundation for research in 
plasma physics.) 

Development of are techniques has 
made possible the attainment of high 
temperature plasma. At present the in- 
terest in arcs is focused on their possible 
application in gas dynamics facilities 
and upon their practical application in 
the propulsion of space vehicles. The 
afore-mentioned ignition of fusion reac- 
tors could be a third means of arc utiliza- 
tion. Fusion reactions have been ob- 
served in high intensity pulse ares. The 
reaction rate was far below that re- 
quired to render the process self-sus- 
taining. However, the development of 
high intensity arcs may supply the 
answer to this problem. 

The energy balance of a fusion reactor 
is yet a more serious problem. In the 
stars we find a balance maintained be- 
tween the radiation pressure of the re- 
acting nuclei in the center of the star 
and the gravitational compression of 
the outer layers. A decrease in fusion 
reactions with a corresponding lowering 
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WE START WITH PLASTIC 
SHEETS, END WITH STRATO 
DATA ANALYSIS 
Building the polyethylene balloon, 
as shown here, is part of General 
Mills balloon systems service. The 
“full package’’ service, typical of 
our thoroughness in other areas of 
activity, includes: design of vehicle 
and instrumentation, manufacture 
and flight planning— including 
meteorological services, flight oper- 
ations, telemetering, tracking and 
recovery, and finally, analysis of 

collected data. 


Manned strato-balloon flights 


probe the mysteries of space 


This is the Navy Project Strato-Lab bal- 
loon that set a new altitude record in a 
recent ascent at Rapid City, S. D. The 


fact that Commanders M. D. Ross and 


M. L. Lewis rose to 76,000 feet, the highest 
man has flown in a balloon, was incidental. 
Of far more importance was their demon- 
stration that a light, comparatively inex- 
pensive polyethylene balloon, with a gon- 
dola carrying its own atmosphere, is a 
feasible means of carrying human observers 
above the present ceiling of sustained pow- 
ered flight. Manned flights to altitudes of 
100,000 feet or more are possible today. 

Man has flown higher in a rocket plane, 
but only for seconds at a time. General 


Mills strato-balloons can remain at con- 
trolled altitudes for days if required. (Thus, 
“‘passengers’”’ have time to make detailed 
observations.) They can also be used as 
launching stations to give rockets a “head 
start” into space. 

Upper-air research is one of many areas 
being pioneered at General Mills. Possibly 
you can profit from our experience in this 
field—or from our research, development and 
production of electro-mechanical sub-systems 
and major assemblies for weapons defense, 
guidance and controls, and weapons testing. 
Send today for booklet with all the facts. 


General 


Minneapolis 13, 
Minnesota 
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of radiation pressure will cause the star 
to compress. This compressing action 
will, however, heat the reactants, 
thereby increasing the rate to the former 
balance. 

The existence of such a balance on 
earth is not feasible. A method for con- 
tainment of the reacting plasma must 
be developed, and the rate of fusion 
must be controlled to balance the 
liberated energy with the losses to the 
walls plus the heating of the reactant 
feed. The amount of heat transmitted 
to the walls must, therefore, be kept low 
to maintain the reaction as well as to 
prevent the wall material from evaporat- 
ing. 

It may be seen that a temperature 
gradient will exist from the reaction 
zone in the center to the walls, which 
must be kept cool. The gradient is de- 
pendent upon the density, the state and 
the radiative properties of the plasma. 
Conduction and convection are negligi- 
ble in the transfer. Since very low 
density must be maintained in the 
chamber in order to keep the pressure 
down at the elevated temperature, the 
gradient will be correspondingly low. 
The influence of the state of the plasma 
is to be considered only for ‘‘low’’ tem- 
peratures, that is, tens of thousands of 
degrees, where ionization can absorb 
energy. It is readily understood that 
very large chamber volumes are neces- 
sary for this undertaking. 

The wall material must have a very 
high reflectivity. Transpiration cooling 
has been proposed? where the reactant 
feed is introduced into the chamber 
through porous walls. However, this 
method is not wholly adequate. Com- 
pletely new techniques are needed and 
must be employed. For example, one 
may visualize liquid metal walls, which 
are constantly being injected tan- 
gentially and stabilized at the secondary 
cylindrical wall by the turbo-principle. 
The property requirements for such a 
wall include high reflectivity, low vis- 
cosity, high heat capacity, large nu- 
clear cross section and wide liquid state 
range. 

A wall of this type would reflect a 
major part of the radiation back into 
the reaction zone, absorb the fast neu- 
trons produced by the fusion, and trans- 
port the absorbed heat away to a heat 
exchanger for primary or accessory 
power conversion. 

With all considerations taken into 
account, we may conclude that a hot 
fusion reactor still belongs to an ad- 
vanced technology of the future. 


Magnetic Plasma Confinement 
A controlled fusion reactor must 
2 Tsien, Hsue-shen, ““Thermonuclear Power 


Plants,’’ JET Proputsion, vol. 26, July 
1956, pp. 559-564. 


operate at such a high temperature that 
the reaction power will exceed radiation 
losses, thus rendering the reaction self- 
sustaining. In order to minimize par- 
ticle losses from the reaction zone, an 
electromagnetic method of confinement 
may be employed. 

The plasma is highly ionized, and an 
electromagnetic field is capable of ex- 
erting a force upon the charged par- 
ticles. One example of an electromag- 
netically confined plasma is the “pinch 
effect.”” Consider a plasma produced by 
the arc between two electrodes. A high: 
intensity current flows through the 
plasma, thereby producing a strong 
magnetic field around the are. The arc 
can now be compared with an infinit: 
number of parallel conductors carrying 
the current, and exerting mutual attrac- 
tion upon each other. The column must 
then necessarily contract. The con- 
traction of the plasma continues until 
the pressure balances the electromag- 
netic force. 

Oscillations are common in a pinched 
plasma; they are actually difficult to 
avoid. Temperature maxima will occur 
periodically, and thus offer the condi- 
tions for a fusion process to take place. 
Actual fusion reactions between a few 
particles have been observed. Develop- 
ment of strong external fields will, per- 
haps, make the fusion reactor a possi- 
bility. 


Catalyzed Fusion 


A revolutionary way to produce nu- 
clear fusion was revealed in December 
1956 at the Berkeley laboratory of the 
University of California. A team of 
twelve physicists, headed by Luis W. 
Alvarez, were studying cessation of 
negative K mesons in a 10-in. hydrogen 
bubble chamber. (The hydrogen bubble 
chamber is based on a principle similar 
to that of the well-known Wilson cloud 
chamber.) 

In the University of California ex- 
periment many more negative u mesons 
than K mesons traversed the bubble 
chamber, giving the researchers oppor- 
tunities to observe decay of u~ mesons. 
In addition to the normal stoppings, 
they observed 15 cases in which it ap- 
peared that a u~ meson came to rest in 
the hydrogen and gave rise to a second- 
ary negative particle, which in turn de- 
cayed by emitting an electron. 

Their explanation was that the p~ 
meson catalyzed a fusion between a 
deuteron and a proton, thereby releasing 
an energy of 5.4 Mev, which “re- 
juvenated” the meson. The 
meson changes place with the hydrogen 
electron, and forms a mesic atom. 


3 Alvarez, L. W., et al., ‘The Catalysis of 
Nuclear Reactions by u~ Mesons,”’ Radiation 
Laboratory, University of California, Berke- 
ley, Report UCLR-3620, Dec. 10, 1956. 
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The fast and powerful Dart is a rocket propelled surface-to- 
_ surface missile designed for Army Ordnance by Aerophysics 
Development Corporation, a subsidiary of Curtiss-Wright. 


The smokeless — solid propellant rocket motor was developed 
by Grand Central under sub-contracts from Aerophysics 
Development Corporation and Army Ordnance. The deadly 
Dart is one more application of dependable solid propellant 
rocket power by Grand Central. 


The Dart is but one of many interesting rocket projects 
currently under way at Grand Central. We invite qualified 


applicants to join this congenial and -skilled team He 


Please direct 
professional applications 


to the Personnel Manager 


Grand Central 


REDLANDS, 


May 1957 
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Catalysis of Nuclear Reactions by u»~ mesons. (1) «~~ meson enters bubble chamber, 
(2) catalyzes the reaction between a deuteron and a proton (u- + d + p— He*®+ u°-), 
(3) catalyzes yet one process and (4) decays into two neutrinos (not visible) and an electron 
(u- +> e + 2v). (5) The electron is deflected by the magnetic field and leaves the 


chamber. 


In a single case a ~~ meson was ob- 
served to catalyze two fusion processes 
(see figure). By increasing the concen- 
tration of deuterium in the bubble cham- 
ber this very important effect and simi- 
lar ones may be investigated. 


The »~ meson is unfortunately too 
short-lived to make this very interesting 
process feasible for energy production. 
It is found that the reaction will be 
possible, when the ratio of the lifetime 
of the meson to the time of reaction is 
of the order of 10°. It becomes marginal 
at a ratio of 10* to 102, while a ratio of 10 
is prohibitive. 


Fusion Powerplants 


The construction and utilization of 
fusion powerplants on earth will not 
differ greatly from the present nuclear 
reactor stations. The reactants will be 
separated from sea water where the 
ratio of deuterium—one of the . most 
promising fuels—to hydrogen is 1:7000. 
The energy available from fusion of 
deuterium is approximately 4 xX 10” 
Btu per pound of D, or, referred to 


water, 6.6 X 10° Btu/lb. This means 
that 1 lb of water can yield the same 
energy as 60 Ib of coal, which has an 
average chemical energy of 0.11 X 105 
Btu/Ib. 

The end products are hydrogen and 
tritium, which may be used for further 
fusion. The water from which the 
deuterium was separated offers a po- 
tential source for desalinated water, 
available for irrigation. 

The fusion process has often been 
considered for propulsion purposes. 
Best known of these is Eugene Saenger’s 
photon rocket, which is certainly most 
promising from the flight performance 
angle (see Table 2) but which is tech- 
nically not feasible. 

The more likely methods of using 
fusion processes for propulsion are the 
production of thrust by thermodynamic 
expansion of the hot reaction products, 
and the use of heat transfer systems for 
“conventional” propulsion, such as are- 
heated or ionic rockets. Of these 
methods, the direct expansion of the 
reactants is the most efficient, but calls 
for more accurate control of the fusion 


Table 2 Flight performance of an imaginary photon rocket 
Destination _ Travel time for crew _ True time on earth 
Moon q 3.5 hours 3.5 hours 
Planets 2 days 2 days 
a-Centauri 3.6 years 6 years 
Center of galaxy 20 years 60,000 years 
Andromeda galaxy 26 years 2,500,000 years 
Round trip in galaxy 42 years billion years 
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process. A very high exhaust velocity 
can be expected, perhaps of the order of 
108 fps. There is no need to expound 
upon the point that the almost insur- 
mountable problem of cooling the cham- 
ber walls is aggravated in the nozzle area. 

The heat transfer rocket will not be 
basically different from the present pro- 
posals for fission rockets. The fusion 
energy per weight unit is 14 times larger 
than fission energy. More important is 
the availability of hydrogen in the solar 
system, permitting refueling on other 
planets, while fissionable materials are 
less abundant and much more difficult to 
retrieve. 

The catalyzed fusion process may be 
the answer to the propulsion problem. 
The most important factor is that the 
process can take place at almost any 
temperature. The process is not main- 
tained by the enormous heat of the 
thermonuclear fusion, but simply by the 
catalyzing effect of a suitable negative 
particle fraction. As mentioned above. 
the particle has only a limited lifetime 
during which it can substitute the elec- 
tron of a reactant, producing a tight- 
packed mesic molecule. The possibili- 
ties of replenishing the catalyzing par- 
ticle are manifold. Somewhere in the 
process a cycle may be fitted which has 
the catalyst among its reaction prod- 
ucts, thereby introducing make-up cata- 
lyst in the reactor. 

Fusion propulsion systems of the 
“hot” type will have low thrust-to- 
weight ratio, and will therefore be ap- 
plicable only to space operations, such 
as transfer from a satellite orbit around 
the earth to one around Mars or Venus. 
“Cold” fusion systems offer unlimited 
possibilities. 


(Continued from page 568) 


5052 puts out 27,000 lb for 4 sec and 
weighs about 1020 lb. 

Korea: The Republic of South 
Korea has also asked for U. S.-made 
nuclear missiles since it feels that Red 
China-dominated North Korea is 
being armed with Soviet rockets. 


RESEARCH AND DEVELOPMENT 


e Frank D. Newbury, Assistant Secre- 
tary of Defense for research and engi- 
neering, resigned last month, climaxing 
a dispute arising out of claims by many 
scientific groups, including the Defense 
Dept.’s own science board, that New- 
bury, an engineer, had been putting too 
much stress on engineering and applied 
research, as opposed to basic research. 
e A pulsejet engine from France has 
been installed in an English Cooper Mk. 
V auto. The intake faces rearward and 
is atop the exhaust nozzle. Nearby, the 
noise of the unit is said to be “‘inoffen- 
sive,” but further away the sound is 
considerable. 
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Fuel and Acid Booster Pumps 

Jet Pumps and Ejectors 

Complete Auxiliary Power Units 
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Turbocraft’s Technical staff 
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ery field. For consulting work 

Mechanical Liquid Metal Pumps 

Pumps for all types of Cryogenic Liquids, i.e., Oxygen, 

Hydrogen, Nitrogen, etc. 

Designers and Manufacturers of High Speed Turbomachinery 
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ARS News_ 


Eight Sessions, Trip to Ames Lab 
Features of June 10—13 Meeting 


IGHT technical sessions are slated 
for the ARS Semi-Annual Meeting 
to be held at the Hotel St. Francis in 
San Francisco, June 10-13. The meet- 
ing, held in conjunction with the ASME 
Semi-Annual Meeting at the Sheraton 
Palace Hotel in the same city, will also 
include a luncheon, a banquet and a field 
trip to the NACA Ames Aeronautical 
Laboratory at Moffett Field. 

Antoni K. Oppenheim, president of 
the host Northern California Section, 
and meeting chairman, announces that 
exhibits of companies located in the 
regions of the Northern California and 
Sacramento Sections will be on display 
on June 11 and 12. 


The Navy’s top ballistic missile man, 
Rear Admiral W. F. Raborn, director of 
the Bureau of Ordnance’s Special 
Projects Office, will be the principal 
speaker at the banquet on June 11. 

Dan A. Kimball, former Secretary of 
the Navy and now president of Aerojet- 
General Corp., Azusa, Calif., will be the 
principal speaker at a luncheon on the 
same day. 

Smith De France, director of the 
Ames Laboratory, has indicated that an 
extremely interesting guided tour of the 
facility (see photo) will be offered on 
Thursday, June 13. 


The complete program is given below. 


Supersonic wind tunnel at Ames Lab will be one of items of interest on field trip. 


A. K. Oppenheim, meeting chairman and 
president, Northern California Section. 


SEMI-ANNUAL 
MEETING PROGRAM 


MONDAY, JUNE 10 


2:00 p.m. Mezzanine 


Registration Opens 


TUESDAY, JUNE 11 


8:00 a.m. Room 217 


Authors’ Breakfast 


9:30 a.m. Borgia Room 


Instrumentation and Guidance 


Chairman: John J. Burke, Hallamore Elec- 
tronics Co., Anaheim, Calif. 

Vice-Chairman: D. Folland, Convair-Astro- 
nautics, San Diego, Calif. 

+ Elements of Inertial Navigation, by W. T. 
Russell, Ramo-Wooldridge Corp., Los Ange- 
les, Calif. (431-57) 

+ Elements and Applications of Radio 
Guidance, by C. R. Gates, Jet Propulsion 
Laboratory, California Institute of Tech- 
nology, Pasadena, Calif. (432-57) 

+ The Bomare Flight Vibration and Its De- 
velopment into an Equipment Specification, 
by G. G. Setterlund, Boeing Airplane Co., 
Seattle, Wash. (433-57) 

+ Instrumentation for Rocket Engine Con- 
trols Research Testing, by J. D. Gillett. 
(434-57) 

+ Recent Advances in Dynamic Pressure 
Measurement Techniques, by F. F. Liu and 
T. W. Berwin, Rocketdyne, Canoga Park, 
Calif. (435-57) 


9:30 a.m. Italian Room 
in 
Liquid Rockets I 
Chairman: R. Dillaway, Rocketdyne, 


Canoga Park, Calif. 
Vice-Chairman: J. H. Beverage, Aerojet- 
General Corp., Azusa, Calif. 
+ Design of Cooled Jet Deflector Plates, by 
Paul J. Petrozzi, Aerojet-General Corp., 
Sacramento, Calif. (436-57) 
+ Exhaust Nozzle Contour for Optimum 
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Thrust, by G. V. R. Rao, Marquardt Air- 
craft Co., Van Nuys, Calif. (437-57) 

+ A Liquid Propellant Rocket for Group 
Training, by G. S. James and D. Starrett, 
Aerojet-General Corp., Sacramento. (438-57) 
+ Rocket Engine Thrust Vector Control, by 
William J. Brennan, Rocketdyne, Canoga 
Park, Calif. (439-57) 

+ Development of the CML-4N Rocket 
Engine, by R. C. Truax, Western Develop- 
ment Div., ARDC, Inglewood, Calif. 
(440-57 


12:00 p.m. Colonial Room 


Luncheon 
Toastmaster: Daniel Tenenbaum, president, 
Sacramento Section 
Speaker: Dan A. Kimball, president, Aero- 
jet-General Corp., Azusa, Calif. 


2:30 p.m. Borgia Room 


Solid Rockets 
Chairman: Barnet R. Adelman, Ramo- 
Wooldridge Corp., Los Angeles, Calif. 
Vice-Chairman: Howard H. Niederman, 
Atlantic Research Corp., Los Angeles. 
+ Developmert of ASP Rocket, by Robert 
Green, Grand Central Rocket Co., Red- 
lands, Calif. (442-57) 
+ Solid Propellant Gas Generators for 
Auxiliary Power, by P. G. Butts and H. E. 
Perkins, Olin Mathieson Chemical Corp., 
East Alton, Ill. (443-57) 
+ Production Problems in Solid Propellants, 
by J. A. McBride, Phillips Petroleum Co., 
Bartlesville, Okla. (444-57) 
+A Practical Mathematical Approach to 
Grain Design, by Max W. Stone, Rohm & 
Haas Co., Redstone Arsenal Research Div., 
Huntsville, Ala. (445-57) 


2:30 p.m. Colonial Room 


Combustion 
Chairman: Martin Summerfield, Princeton 
University, Princeton, N. J. 
Vice-Chairman: Walter Berl, Applied Phys- 
ies Laboratory, The Johns Hopkins Uni- 
versity, Silver Spring, Md. 
+ Influence of Pressure on the Combustion 
of Liquid Spheres, by George A. Agoston, 
Bernard J. Wood and Henry Wise, Stanford 
Research Institute, Menlo Park, Calif. 
(446-57) 
+ Flame Stabilization in the Boundary 
Layer of Heated Plates, by Richard W. Zie- 
mer, Armour Research Foundation, Chicago, 
lll., and Ali Bulent Cambel, Northwestern 
University, Evanston, Ill. (447-57) 
+ A Theory of Spray Combustion, by C. C. 
Miesse, Armour Research Foundation, Chi- 
cago, Ill. (448-57) 
+ Theory of Maximum Rates of Heat Re- 
lease in Inhomogeneous Combustion Proc- 
esses, by H. N. Powell, General Electric 
Company, Cincinnati, Ohio. (449-57) 


7:00 p.m. Colonial Room 


Semi-Annual Banquet 
Toastmaster: Antoni K. Oppenheim, presi- 
dent, Northern California Section 
Speaker: Rear Admiral W. F. Raborn, 
director, Special Projects Office, Bureau 
of Ordnance 


WEDNESDAY, JUNE 12 
8:00 a.m. Room 217 
Authors’ Breakfast 


9:30 a.m. Borgia Room 


Ramjets 
Chairman: Brooks T. Morris, Marquardt 
Aircraft Co., Van Nuys, Calif. 
Vice-Chairman: Robert J. Naegele, Lock- 
heed Aircraft Corp., Missile Systems Div.. 
Sunnyvale, Calif. 
+ Ramjet Test Facility Planning, by R. O. 
Dietz and A. H. Hinners, Aro, Inc., Arnold 
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“Cubic Inch" rate and integrating types 
for missile and rocket guidance systems. 
Ideal for all applications involving 


severe environmental conditions. 


pressure transducers 


Absolute and differential types for use with nitric 
acids, 90% hydrogen peroxide, UDMH and other 
corrosive propellants and oxidants, at pressures up to 


4000 psi and temperatures as high as 500°F. 
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AssEM. No. 9200. 
TACTICAL DrEsEL ENGINE 


Driven 3-staGE 6000 Pst 
mph : CoMPRESSOR FOR ATLAS MISSILE 


MULTI-STAGE BOOSTER COMPRESSORS 

compress helium or nitrogen from 
variable inlet pressure source 
such as commercial gas bottles to 
a higher outlet pressure. 


COMPRESSION WITHOUT LUBRICATION 


prevents oil contamination and 
insures highest purity of outlet gas. 


¢ OUTLET PRESSURES TO 10,000 PSI 
¢ INLET PRESSURES FROM 50 PSI MIN TO 
2,300 PSI MAX 
¢ CAPACITIES FROM 1 SCFM TO 80 SCFM 
STANDARD 
(LARGER CAPACITIES ON REQUEST) 


FOR TEST SITES — SKID MOUNTED - 
AVAILABLE WITH ELECTRIC MOTOR 

oR GASOLINE ENGINE 


or 


four stage models available 


40 TO 80 SCFM : 
for stationary, portable or 


tactical use 
FOR TEST SITES — PORTABLE ie 
Evectric Motor Drive — Air CooLep é 


ASSEM.-NO. 9315 1 SCFM 


ENGINEERING & 
SUPPLY CO. 


= a “A 236 So. Central Ave., Glendale 4, California 


Engineering Development Center, Tulla- 
homa, Tenn. (450-57) 

+ Techniques of Flight Simulation for Ram- 
jet Engines, by R. Greenberg, Wright Aero- 
nautical Div. of Curtiss-Wright Corp., 
Wood-Ridge, N. J. (451-57) 

+ Testing Air Breathing Supersonic Power- 
plants, by G. A. Sears and J. J. Bajek, 
Marquardt Aircraft Co., Van Nuys, Calif. 
(452-57) 

+ Techniques, Facilities and Instrumenta- 
tion for the Experimental Determination of 
Ramjet Dynamic Characteristics, by Carl B. 
Wentworth and George Vasu, NACA, Lewis 
Flight Propulsion Laboratory, Cleveland, 
Ohio. (453-57) 


9:30 a.m. Italian Room 
Hypervelocity Flight 
Chairman: H. Julian Allen, NACA, Ames 


Aeronautical Laboratory, Moffett Field, 

Calif. 
Vice-Chairman: S. A. Schaaf, University of 

California, Berkeley, Calif. 
+Aerodynamics of Hypervelocity Flight, by 
Lester Lees, California Institute of Technol- 
ogy, Pasadena, Calif. (455-57) 
+Performance of Long Rarfge Hyperveloc- 
ity Vehicles, by A. J. Eggers, Jr., NACA, 
Ames Aeronautical Lab., Moffett Field, 
Calif. (456-57) 
+A Survey of Heat Transfer Problems 
Encountered by Hypersonic Aircraft, by 
Jackson R. Stalder, NACA, Ames Aero- 
nautical Lab., Moffett Field, Calif. (457-57) 
+ Characteristics of the Upper Atmosphere 
Pertaining to Hypervelocity Flight, by C. 
Frederick Hansen, NACA, Ames Aeronauti- 
cal Lab., Moffett Field, Calif. (458-57) 
+ Structural Problems of Hypervelocity 
Vehicles, by Samuel P. Batdorf, Lockheed 
Aircraft Corp., Missile Systems Div., Sunny- 
vale, Calif. (459-57) 


10:00 a.m. Room 221 


Directors Meeting 


2:30 p.m. Italian Room 


Space Flight 
Chairman: H. F. Dunholter, Convair-Astro- 
nautics 
Vice-Chairman: E. V. Laitone, University 
of California, Berkeley, Calif. 
+ Ground Simulation of Meteoritic Dust 
Impact on Space Vehicles, by D. H. Robey, 
Convair-Astronautics, San Diego. (465-57) 
+ Effect of Air Drag on Elliptic Satellite 
Orbits, by Robert E. Roberson, NAA Auto- 
netics Div., Downey, Calif. (466-57) 
+ Cislunar Operations, by Krafft Ehricke, 
Convair-Astronautics, San Diego. (467-57) 


2:30 p.m. Borgia Room 
Liquid Rockets II 
Chairman: Benjamin 8. Mesick, Arthur D. 


Little, Inc., Los Angeles, Calif. 
Vice-Chairman: James Broadston, 

Rocketdyne, Canoga Park, Calif. 
+ Problems Associated with Regenerative 
Cooling of Rocket Thrust Chambers, by Leo 
E. Dean and Lucian A. Shurley, Aerojet- 
General Corp., Sacramento, Calif. (460-57) 
+ Automatic Propellant Heat Transfer 
Data-Recording System, by Robert Ellison, 
Reaction Motors, Inc., Denville, N. J. 
(461-57) 
+ The Spreading of Supersonic Jets from 
Axially Synmetric Nozzles, by C. J. Wang 
and J. B. Peterson, Ramo Wooldridge Corp., 
Los Angeles, Calif. (462-57) 
+ The Application of High Speed Motion 
Pictures in Fuel Injection *Studies, by Carl 
H. Builder and Gilbert S. Bahn, Marquardt 
Aircraft Co., Van Nuys, Calif. (463-57) 


THURSDAY, JUNE 13 
12:30 p.m. Field Trip 


Field trip to NACA Ames Aeronautical 
Laboratory, Moffett Field, Calif. 
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TOTAL of 1388 scientists, engi- 
neers and their guests registered at 
the AmMeRIcAN Rocket Socrety’s na- 
tional Spring Meeting early last month 
in Washington’s Sheraton Park Hotel. 
They heard 34 papers and a number 
of talks Thursday through Saturday, 
April 4-6, and witnessed the Cherry 
Blossom pageantry after the sessions. 
The enrollment was the largest ever 
at an ARS national gathering. 


Complementing the ten technical 


sessions was a 75-booth exhibition by 
prime missile contractors, equipment 


M. I. Willinski, Rocketdyne, with model 
of ion-propelled ‘‘Snooper”’ vehicle. 


manufacturers, the armed services and 
the National Advisory Committee for 
Aeronautics. Exhibitors reported very 
large attendance at the imaginative dis- 
plays, which included some real rockets 
of the smaller sizes as well as scale 
models of bigger ‘‘birds.”’ 

One paper receiving a good deal of 
attention was “Project Snooper: A 
Program for Reconnaissance of the 
Solar System with Ion Propelled Ve- 
hicles” (419-57), by Martin I. Willinski 
and Mrs. Elsie C. Orr of North Ameri- 
Rocketdyne. The information 
outlined was the culmination of a num- 
ber of years of off-hours’ exercise for the 
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College. 


authors, who work in the preliminary de- 
sign section. 

“Snooper” vehicles, as described in 
the paper, would be unmanned, light- 
weight, nuclear-powered ion rockets 
weighing about 3300 lb. They would 
be lifted into an earth satellite orbit by 
a chemical propellant rocket, then set 
off under their own power. Once orbit- 
ing another planet, perhaps for as long 
as a year, the nuclear generator would 
provide a source of energy for 3-ton of 
instruments and telemetering equip- 
ment. 

Ion discharge velocities of 657,000 fps 

vere cited, along with other details 
vhich caused the engineers to claim for 
uch craft low cost and ‘simplicity and 
sasibility in terms of current tech- 
ology.”’ Private guesses by knowledge- 
ble scientists mentioned spans of about 
eight years to achieve a ‘Snooper’ if 
work began now. 


Papers presented at the meeting were: 


High Speed Sleds 


+ Supersonic Track Facilities at the Naval 
Ordnance Test Station, by B. R. Egbert and 
D. P. Ankeney, U. S. Naval Ordnance Test 
Station, China Lake, Calif. (392-57) 

Problems of rocket-propelled carriage de- 
sign, with emphasis primarily on importance 
of correct initial design study; structural cri- 
teria also covered, with the major design 
approach and criteria outlined. 


+ Design Considerations of Two Large 
Liquid Rocket Sled Pusher Vehicles, by 
H. Davies and D. S. Smith, Reaction Mo- 
tors, Inc. (393-57) 

The propulsion system of the transonic 
and supersonic RMI sleds is a solution to the 
need for variable thrust to maintain given 
velocities in large vehicles; design considera- 
tions of the system and vehicle are detailed. 


+ Aberdeen Proving Ground Ballistic 
Track, by Mitchell E. Bonnett and Benjamin 
F. Goodwin, Aberdeen Proving Ground. 
(396-57) 

The 2500-ft track for evaluating rocket 
warhead and fuse functioning, plus free 
flight and other conditions, is covered in 
many aspects. 


Among the highlights of the exhibit were (1 to r) this scale-model Rockoon-bal- 
loon-rocket combination displayed by Winzen Research; Cooper Development 
Corp.’s Hasp; and tail assembly for Pogo-Hi developed by New Mexico A.&M.A. 


+ Supersonic Rain Erosion Testing of Mis- 
sile Radomes, by K. Barr, Experimental 
Track Branch, AFFTC, Edwards AFB, 
Calif., and E. J. Steeger, Thermodynamics 
Laboratory, Convair. (402-57) 

This report presents discussions of design 
parameters, sled structure, operational per- 
formance and track problems encountered 
during 19 tests of the ability of plastic 
radomes and radome materials to withstand 
erosion from rainfall at Mach 2 and above. 


+ Design Determinants for the Holloman 
Horizontal Test Stand, by William T. Bate- 
man, Holloman Air Development Center. 
(404-57) 


Paper not available at press time. 


+ Track Testing at the Air Force Arma- 
ment Center, by Richard K. Hendricks, 
Eglin AFB. (405-57) 

Described is the 2000-ft track-type Dam- 
age Potential Launcher for engineering 
evaluations of weapons, including instru- 
mentation, permanent support facilities and 
rocket-propelled test vehicle design. 


+ Precision Measurement of Supersonic 
Rocket Sled Velocity, by F. J. Beutler, 
Ramo-Wooldridge Corp., and L. L. Rauch, 
Professor of Instrumentation, Univ. of 
Michigan. (406-57) 

The desired velocity accuracy and band 
width combination of a sled testing all- 
inertial guidance system components can be 
obtained, the authors say, by combining the 
data from an accelerometer with relatively 
infrequent track time and position data of 
practical accuracy. A method is proposed 
and detailed error analysis is presented. 


+ The Capabilities of the Holloman Track, 
by Gerhard R. Eber, Holloman Air Develop- 
ment Center. (407-57) 

The seven-mile track, its intricacies of con- 
struction and limits are detailed. 


+ Some Remarks on the Design of High 
Speed Sled Test Vehicles, by Richard A. 
Hirsch, Aircraft Armaments, Ince. (408-57) 

Design problems, including costs, are pre- 
sented, along with the outline and specifica- 
tions of a typical installation. 


+ The Closed Circuit High-Speed Test 
Track, by H. J. Barten, Chicago Midway 
Laboratories. (409-57) 

The feasibility of a track with circular sec- 
tions to slow down the sled gradually for re- 
use is discussed. 


+ Track Testing at the Air Force Flight 
Test Center, by Ross R. Seger, Experimental 
Track Branch, EAFB. (410-57) 
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@ Hi Vacuum to 6000 PSI. 

e “O" Rings and Teflon or Ny!on 
Seats are standard. 

@ Over-torquing cannot damage 
seat or needle as buffer plate and 
metering pin act as a forming die. 

e@ Impossible to score needle or seat. 

e Lifetime Valve—can be completely 
overhauled in a matter of minutes 
without disturbing plumbing or mount- 
ing. 

@ The most economical valve in the 
long run. 


Write for further details 
ROBBINS AVIATION 


1735 W. Florence Ave. 
Los Angeles 47, Calif. 


Leakproof 
Metering Valves 


Abstracts Due June 1 


Abstracts for the ARS 12th 
Annual Meeting, Dec. 2-6, 
1957, in New York, are due 
June 1. Complete manuscripts 
are due Aug. 1. 

The sessions tent tively sched- 
uled and the committee chair- 
men to whom abstracts should 
be sent, are: 


Solid Rockets: \W/. L. Rogers, Aero- 
jet-General Corp., Azusa, Calif. 
Combustion: John F. Tormey, Rocket- 
dyne, Research Section, Canoga Park, 
alif. 
Ramjets: Brooks T. Morris, Mar- 
quardt Aircraft Co., Engineering 
Div., Van Nuys, Calif. 
Instrumentation and Guidance: J. J. 
Burke, Hallamore Electronics Co., 
8352 Brookhurst, Anaheim, Calif. 
Liquid Rockets: Col. E. N. Hall, 
ARDC, Western Development Div., 
Box 262, Inglewood, Calif. 
Space Flight Symposium, Space Law 
and Sociology: Krafft A. Ehricke, 
Convair-Astronautics, San Diego, 
Calif. 
Human Factors: Maj. David G. 
Simons, Space Biology Branch, Aero 
vigg Field Lab., Holloman AFB, 
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Test track development is traced and 
present AFFTC facilities, with expansion 
plans, reviewed. 


+ Sled Testing the Emergency Escape 
System: The Human Factor, by James F. 
Hegenwald, Jr., and Edward A. Murphy, Jr., 
North American Aviation, Inc. (411-57) 

Physiological, mechanical and structural 
effects of ejection from high performance 
aircraft, including the effects on personal 
pilot gear, are reported. 


+ Development of RESCU Mark I, by 
Hugh F. Mohrlock, Jr., Convair. (414-57) 
Escape from continually increasing flight 
performance envelopes are categorized and 
the features of the Mark I device discussed. 


+ Liquid Rockets for Supersonic Sleds, by 
C. E. Roth, Jr., and H. M. Poland, Aerojet- 
General Corp. (415-57) 

Feasibility after static and dynamic testing 
of 4 to 6 g, 1500 to 1600 fps sleds is recom- 
mended after discussion. 


+ Measurements of the Vibration Environ- 
ment in a Supersonic Liquid-Propellant 
Rocket Sled, by G. M. Barr and S. C. Morri- 
son, Ramo-Wooldridge Corp. (416-57) 
Measurements made at SNORT of vibra- 
tion environment within the nose sections of 
two sleds, including methods of making the 
measurements, are detailed. 


Space Sociology 


+ Some Current Considerations Affecting — 
the Evolution of Space Law, by P. K. Roy, 
International Civil Aviation Organization. 
(388-57) 

The fundamental question regarding who 
has jurisdiction over outer space and some 
correlaries are raised. 


+ Neuro-Endocrine Responses Essential for 
Survival in Space, by William R. Brewster, 
Jr., M.D., Patricia S. Osgood and James P. 
Isaacs, Harvey Medical School, Massa- 
chusetts General Hospital. (389-57) 

Although the stresses to be imposed by 
space travel are not yet clearly defined, some 
insight may be gained by consideration of 
the fundamental physiological mechanisms 
that are known to be important. The 
authors review these mechanisms. 


+ Probable Influences of Satellites on Soci- 
ety, by N. E. Felt, Jr., The Martin Co. 
(691-57) 

The primary thesis is that the satellite 
program can be used to educate the public to 
the value of basic scientific research. 


+ Space Law and Metalaw—Jurisdiction 
Defined, by Andrew G. Haley, general 
counsel, AMERICAN Rocket Society. (397- 
57) 

A review of the general idea of space law 
sovereignty and jurisdiction, including con- 
cepts for a demarcation of space and air, 
is presented. 


+ Space Flight and Our Technological Revo- 
lution, by Wernher von Braun. (698-57) 

The culmination of the technological revo- 
lution, aimed at freeing man from physical 
labor, will be realized in space travel with the 
breaking of his final bond, gravity. 


+ Astronautics, Public Relations and the 
Press, by Erik Bergaust, American Aviation 
Publications, Inc. (399-57) 

The importance of having an informed 
press is presented. 


+ The Function of Universities in Astro- 
nautical Research, by 8S. F. Singer, Physics 
Department, University of Maryland. (401- 
57) 

Technical, as well as cultural and socio- 
legal aspects of astronautics, as areas in which 


universities can contribute, are outlined. 


Propulsive Systems 


+ Factors Which Influence the Suitability 
of Liquid Propellants as Rocket Motor 
Regenerative Collants, by D. R. Bartz, Jet 
Propulsion Laboratory, California Institute 
of Technology. (417-57) 

Methods of analytical and experimental 
determination of pertinent heat transfer 
characteristics of propellants are reviewed 
and data compared for insight into operating 
conditions. 


+ Rocket Impulse Spectrum, by M. Farber, 
Aerojet-General Corp. (418-57) 

Performance characteristics of the range of 
propellants are detailed. 


+ Project Snooper. (419-57). See page 


579. 


+ The Relations Between Mission and Pro- 
pulsion System in Missiles, by James M. 
Carter, Carter Laboratories, Inc. (420-57) 

Requirements of the missile’s mission influ- 
ence the propulsion system, it is pointed our, 
and possibilities for optimizing the require- 
ments are suggested. 


+ Techniques Used in Ramjet Engine 
Speed Control, by H. J. Nelson and R. B. 
Farrar, Bendix Products Division-Missiles. 
(421-57) 

Successful speed control methods and 
devices are described. 


Astronautics 


+ Mechanical Aspects of the Vanguard 
Flight Control System, by F. Gordon Sholes, 
The Martin Co. (424-57) 

A wide variety of mechanisms and their 
testing equipment is detailed. 


+ Support Requirements for the Vanguard 
Satellite Launching Vehicle, by Sears Wil- 
liams, The Martin Co. (425-57) 

Facilities, handling and servicing equip- 
ment, and test and checkout equipment are 
discussed. 


+ Army Support of Vanguard, and a Dy- 
namic Display System for Presenting Satel- 
lite Tracking Information (two parts), by 
Lt. Col. C. M. Parkin, Jr., and Edward J. 
Madden, Fort Belvoir, Va. (426-57) 

Various constructions by the Corps of 
Engineers are enumerated, and the central 
projection of a globe on a flat screen for 
presenting true course being followed by 
satellite is outlined. 


+ Design, Fabrication and Testing of the 
First Man-Made Satellite, by Robert C. 
Baumann, Naval Research Laboratory. 
(427-57) 

Detailed information on the construction 
of the satellite is presented (see JET Pro- 
PuLSION, April 1957, p. 444). 


+ Re-entry of Spherical Bodies into the 
Atmosphere at Very High Speeds, by Krafft 
A. Ehricke and Helen Pence, Convair-Astro- 
nautics. (428-57) 

Spectrum of descent of a series of spheres 
for re-entry velocities from subcircular to 
parabolic and angles of descent from 0 to 
— 10 deg is given. 


+ Satellite Launching Vehicle Trajectories, 
by J. W. Siry, Benjamin Lepson, R. H. Wil- 
son, Jr., R. B. Snodgrass and John L. 
Hammersmith. (429-57)* 


+ Flare Measurements from Rockets, by 
T. A. Chubb, H. Friedman, J. E. Kupperian, 
Jr., and J. C. Lindsay, Naval Research 
Laboratory. (430-57) 

The rocket system employed for such meas- 
urements, plus other problems, are discussed. 
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This was the scene at,the gala banquet which rang down the curtain on’the ARS Spring 


Meeting in Washington, D. 
=. 


A. F. Spilhaus (left) and Rear Admiral Rawson Bennett (right) 
were presented with Fellow Memberships. 


Meeting Chairman Andrew G. Haley (right) goes over details 
with ARS President Robert C. Truax before banquet.°7 


| 


Alan T. Waterman (left) also received a Fellow Membership. 
Col. John T. Stapp (right) chairs first space sociology session. 


P. K. Roy (left) speaks at space sociology session. At right, 
Wernher von Braun and Theodore von Karman listen closely. 


C., last month. 
— 
4 
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Brooklyn Poly to Host 
ARS Student Conference 


An ARS Eastern Regional Student 
Conference is being programmed for 
Dec. 6-7, 1957, under the auspices of 
the Polytechnic Institute of Brooklyn 


HAROLDS 
CLUB 


Ai KC. IN 
BIGGEST LITTLE CITY | 


| guzpor 


 eTOUR 


GBs Stop off in Reno on your way to the 
Convention (or enroute home)... for 
the most enjoyable all-expense 
holiday imaginable! Price includes 
& champagne, cocktail parties, deluxe 
accommodations in the new million 
& dollar Pony Express Lodge, the best 
meals with steaks, wine, etc....and 
plenty of free time to do as you 
choose in fabulous Reno. Make your 
reservations now...best of all, organ- 
ize a group! 


Ask your ticket agent, travel agent, or phone 
Reno Elgin 5-8316 or write P.O. Box 2449 for 
literature, details, reservations. 


Backed by the Best of References 


Even Better Than It Seems! 


after the ARS 12th Annual Meeting, 
Dec. 2-6, in the same hotel, the Hotel 
Statler in New York. 

T. Paul Torda of Poly, faculty ad- 
viser of the chapter, announces that the 
general theme of the conference will be 
the International Geophysical Year 
1957-1958. Papers are invited on 
rockets, propulsion, astrophysics, in- 
strumentation, upper atmospheric re- 
search, geophysics, guidance, cosmic 
rays, meteorology, satellites and other 
subjects related to the IGY program. 

All applicants must be graduate or 
undergraduate students enrolled in an 
engineering or science course at an ac- 
credited university or college in North- 
eastern United States. Manuscripts 
should be prepared according to in- 
structions shown in the “Preparation 
of Manuscripts’ paragraph on the 
masthead page of PROPULSION 
| (see p. 491). They should be submitted 
| by Sept. 1, 1957, to: 

Professor T. Paul Torda 

ARS Eastern Regional Student Con- 

ference 

Polytechnic Institute of Brooklyn 

99 Livingston Street 

Brooklyn 1, N. Y. 

It is planned to publish a volume of 
the proceedings of the conference under 
sponsorship of the New York Section. 
All papers are automatically considered 
for the ARS-Chrysler Corp. Student 
Award and will be judged on the basis 
outlined for the award. 

A luncheon during the conference 
will be addressed by a leading figure 
in the U. S. IGY program. 


$1,000 ARS-Chrysler Corp. 
Student Award Offered 


Decision has been made by the ARS 
Board of Directors to combine the 
Student Award with the ARS-Chrysler 
Corp. Award, announces Samuel K. 
Hoffman, Rocketdyne, chairman of 
the Awards Committee. 

The new award, a grant of $1,000 
toward the education of an under- 
graduate or graduate student, will be 
presented for the first time at the 1957 
Annual Meeting in New York, and will 
be called the ARS-Chrysler Corp. 
Student Award. All travel and inci- 
dental expenses incurred in attending 
the Honors Night Banquet will be 
advanced to the winner. 

Eligibility rules are as follows: 

1 Applicants must be undergraduate 
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Any rocket engine looks simple in silhouette 
—but its 150 or more parts present new and 
complex problems of operating tempera- 
tures and pressures. This is the reason why 
The M. W. Kellogg Company, leading de- 
signer and fabricator of industrial high tem- 
perature, high pressure vessels and steam 
power piping, was assigned a major role in 
the development and production of over ten 
different guided missiles to date, including 
the Terrier. 

Steam power piping and rocket motors, 
for example, have much in common. In the 
latter, nozzle temperatures are around 5000 
deg. F. and pressures 2000 psi. In steam- 


Outline of 1000 Temperature-Pressure Problems 


electric power plants, the Kellogg assign- 
ment concerns piping to withstand 1250 
deg. F. and pressures over 5000 psi. Both 
problems include selection or development 
of not only the proper alloy to provide correct 
strength-weight relationship and resistance 
to corrosion or erosion, but also the welding 
techniques, materials, and skills to fabricate 
the alloy into large or intricate shapes. 
M.W. Kellogg's long fabricating experience 
with high temperatures and pressures can 
be a valuable asset to all manufacturers 
concerned with the rocket program, and to 
those responsible for process equipment in 
the petroleum or petrochemical industries. 


(DEFENSE PRODUCTS DIVISION 
THE M. W. KELLOGG COMPANY 


711 THIRD AVENUE, NEW YORK 17, N. Y. 


A SUBSIDIARY OF PULLMAN INCORPORATED 


The Canadian Kellogg Company, Limited, Toronto « Kellogg International Corporation, London 
Companhia Kellogg Brasileira, Rio de Janeiro « Compania Kellogg de Venezuela, Caracas 
Kellogg Pan American Corporation, New York « Societe Kellogg, Paris 
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or graduate students, above average in 
scholastic standing, enrolled in an 
engineering or science course of study 
at any accredited U. S. college or uni- 
versity. 

2 Applicants must submit a tech- 
nical paper treating a subject in the 
general field of rockets, jet propulsion 
or astronautics. 

3 Manuscripts should be prepared 
according to instructions shown in the 
“Preparation of Manuscripts” para- 
graph on the masthead page of Jer 
PROPULSION (p. 491). 

4 Manuscripts should be submitted 
in duplicate, together with proof of 


scholastic standing in the upper half 
of applicant’s class during the 1956- 
1957 academic year, by Oct. 1, to: 


Chairman, Awards Committee eta 


American Rocket Society 
500 Fifth Avenue eae) 


New York 36, N. Y. 

Papers will be judged on the basis 
of originality, content, method of pre- 
sentation and clarity. All papers will 
become property of ARS, and their 
return to applicants cannot be guaran- 


teed. 


It is planned to invite the winning 
author to present his paper at the ARS 
Eastern Regional Student Conference, 
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to be held after the Annual Meeting 
under the auspices of the Polytechnic 
Institute of Brooklyn Chapter. 


ARS to Publish 
Second Monthly Magazine 


The AmerIcaAN Rocket Society will 
begin publication this summer of a 
second monthly magazine to be called 
ASTRONAUTICS, it was announced last 
month following a meeting of the Board 
of Directors in Washington, D.C. 

Publication of a second magazine by 
the Society will permit much broader 
coverage of the rocket and guided 
missile field than has heretofore been 
possible. All ARS members will re- 
ceive copies of both publications every 
month. 

The new magazine will include arti- 
cles in many fields in which members 
have expressed interest and will also 
provide detailed information about 
important technical developments and 
news events. It will also allow more 
complete coverage of the activities of 
the Society and its Sections throughout 
the country. 

Research and development papers, 
along with related material and de- 
partments, will continue to appear in 
JeT PROPULSION, along with several 
new features. Some of the depart- 
ments now found in Jet PROPULSION 
will be moved to the new publication. 

Irwin Hersey, ARS Director of Pub- 
lications, will be Editor of Astro- 
nautics, while Martin Summerfield 
will be Editor of Jet Proputsion 
when the two-publication setup goes 
into effect. 


National Program 
Committee Named 


Announcement of the makeup of the 
1957 ARS National Program Com- 
mittee was made last month in Wash- 
ington, D.C., by Kurt R. Stehling, 
Naval Research Laboratory, national 
program chairman. 

Appointed to the committee are 
Antoni K. Oppenheim, University of 
California, president of the Northern 
California Section; Ali Bulent Cambel, 
Northwestern University; John Fenn, 
Princeton University; and Robert A. 
Gross, Fairchild Engine and Airplane 
Corp., president of the New YorkSection. 


Human Factors Technical 
Division Established 


The ARS Board af Directors has 
announced the formation of a new 
Human Factors Technical Division 
which will cover human activities and 
sciences such as space medicine and 
human engineering. Maj. David G. 
Simons, chief, Space Biology Branch, 
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Now! Elemental Fluorine Available 


in Bulk 


...and in Easy-To-Use Liquid Form 


GENERAL CHEMICAL Announces 


TONNAGE SHIPMENTS 


Large scale transportation of ele- 
mental fluorine is now possible 
and practical. This most reactive 
of all elements has been tamed and 
harnessed by General Chemical for 
industrial use . . . by anyone, any- 
where . . . without requiring cap- 
tive plant facilities. 
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Liquid Fluorine! | 


As a result of General Chemical 
research, fluorine can now be stored, 
transported and handled directly 
as a liquid in tank-truck tonnages. 
Large quantities can be used with 
far greater economy, simplicity and 
safety than has ever been possible 
with the normally gaseous form. 


If your production or research pro- 


Product Development Department 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
ss 4O Rector Street, New York 6, N. Y. 


gram involves fluorine or fluorine- 
supplying chemicals, look into 
General’s liquid fluorine develop- 
ment without delay. It makes pos- 
sible new approaches to your 
problems that were impossible be- 
fore. As a first step, write today for 
our comprehensive new technical 
bulletin, ‘‘Fluorine.” It contains a 
wealth of helpful data. «gage 


Basic Chemicals for American Industry 
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Aero Medical Field Laboratory, Hollo- 
man AFB, will be chairman of the 
committee heading up the division. 
This brings the number of ARS Tech- 
nical Divisions to seven. 

Like the other divisions, the Human 
Factors Division will plan sessions at 
national meetings, develop membership 
in the areas it covers, advise the Director 
of Publications on technical matters, 
assist in the nomination of candidates 
for awards and fellowships, sponsor 
technical reports or special publica- 
tions, and provide technical represen- 
tation for the ARS in cooperative 
efforts with other organizations. 


Technical Division 


Membership Tallied 


A tally of 3750 roster forms received 
by National Headquarters to date indi- 
cates membership in ARS Technical 
Divisions to be as follows: 

Space Flight, 1880; Liquid Rocket, 
1327; Instrumentation and Guidance, 
1006; Propellants and Combustion, 
859; Solid Rocket, 580; and Ramjet, 
357. 

The disparity between the number of 
forms tallied and total of the division 
tallies stems from the fact that mem- 
bers are permitted to enroll in two di- 
visions, 


Sections 


Alabama: H. W. Ritchey, Red- 
stone Div., Thiokol Chemical Corp., 
recently gave a progress report on 
solid propellant rocket engine de- 


The St. Joseph Valley Section believes in 
going after future missile and rocket en- 
gineers early, as indicated by this photo of 
the group’s exhibit at the recent city-wide 


velopment before 300 members and 
guests of the Alabama Section at 
Huntsville. Among the subjects 
covered by Dr. Ritchey were recent 
developments in solid propellants, 
engine components and thrust con- 
trol systems. He also presented pre- 
liminary calculations on a solid pro- 
pellant rocket system for propelling a 
1-lb payload to the moon. 


Central Colorado: Approximately 
300 members and guests heard Leon- 


Head Central Colorado Section 


Officers and board members of the Central 
Colorado Section, posed with the section 
charter, are (1 tor): §. A. Johnson, Jr., 


Denver Research Institute, board mem- 
ber; 


George P. Townsend, Sundstrand 


Aviation Co., vice-president; John R. 
Youngquist, Denver Div.; Martin Co., 
president; Richard C. Lea, Denver Div., 
Martin Co., secretary; and J. L. Burridge, 
Denver Div., Martin Co., board member. 


Get ’em Young, Train’em Right 


“Career Guidance Day” in South Bend. 
The exhibit, which included a 500-lb- 
thrust rocket engine, attracted a good deal 
of attention. “eae 


> 


ard Arnowitz, assistant project en- 
gineer for Project Vanguard, The 
Martin Co., discuss the earth satellite 
program at a joint meeting of the 
Central Colorado Section with the 
Denver chapter of the Institute of 
Aeronautical Sciences. Mr. Arnowitz 
augmented his presentation with slides 
and the Martin movie, “Horizon Un- 
limited.” 

At the previous meeting, Robert 
Waldo, Aerojet-General Corp., spoke 
on “New Ideas in High Altitude 
Sounding Rockets.” 

Central Texas: Richard C. Lea, 
Martin Co., Denver, was the guest 
speaker at a recent meeting of the 
Central Texas Section attended by 
over 50 members and guests. Mr. 
Lea’s topic was the Viking, and his 
talk dealt primarily with the struc- 
tural requirements of the rocket and 
troubles encountered in balancing 
loads under static and dynamic con- 
ditions. 

Columbus: Abbott A. Putnam, 
Battelle Memorial Institute, has been 
elected president of the Section for 
1957. Other new officers are Loren 
Bollinger, Ohio State University, vice- 
president; A. M. Greshemer Jr., 
North American Aviation, correspond- 
ing secretary; James L. Harp, Bat- 
telle, recording secretary; and D. E. 
Hall Jr., North American, treasurer. 

Geoffrey Keller, director of the 
Perkins Observatory, was the fea- 
tured speaker at the March meeting, 
held at the observatory and attended 
by over 100 members and guests—a 
new record. Dr. Keller discussed the 
size and orbits of bodies in our solar 
system and cosmic dust. While the 
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_ for a prove-it-yourself 


Honeywell 


phone now! 


demonstration of the 
ISICORDER® 


We're sure, once you’ve seen the fabulous new 
_ Visicorder demonstrated, that you’ll be as en- 


thusiastic as the thousands of others who have 


That’s why we’re inviting you to be the judge... 
to call your nearest Honeywell Industrial Sales 
Engineer. * He will set up a Visicorder demonstration 
in your office, plant, or laboratory ... at your con- 
venience. 


The Visicorder, in the short months since its intro- 
duction has become the most wanted oscillograph in 
America. Why? Because the Visicorder records at 
frequencies from DC to 2000 CPS, with sensitivities 
that compare to photographic oscillographs. Because 


MINNEAPOLIS 


Honeywell 


HEILAND DIVISION 


5200 E. EVANS AVENUE DENVER 22. COLORADO 


the stable, direct-reading Visicorder records are re- 
producible, and permanent under ordinary usage. 
Because the Visicorder bridges the gap between 
mechanical direct-writing oscillographs and photo- 
graphic-type instruments. 


So accept this invitation: Call your nearest Honey- 
well Industrial Sales Engineer today. He will arrange 
for you to operate the Visicorder yourself so that 
you can see for yourself how the Visicorder fits your 
most complex recording application. 


aiso 


The high-frequency Visicorder galvanometers have 
been redesigned to provide sensitivity improve- 
ments as great as 4 times, and a new 1000-cycle 
galvanometer has been added. All high-frequency 
galvanometers shipped after March 15 are to the 
new specifications. 


*Visicorder demonstrators are now based in these Honeywell Industrial Sales Offices: Albuquerque © Altanta © Baltimore * Boston © Buffalo * Cleveland * Dallas * Dayton 


Denver Detroit El Paso * Hammond, Ind. Hartford Long Island City Los Angeles * Omaha © Pittsburgh Philadelphia * Richmond San Diego San Francisco 


Seattle « St. Louis ° Syracuse ° Toronto, Ont. ° Union, N. jie Washington D. C ° Amsterdam, Netherlands * and more on the way. 
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Eye on the Sky 


While poor weather conditions kept the 
Columbus Section from peeking at the 
heavens through this 69-in. reflecting tele- 


69-in. reflecting telescope at the ob- 
servatory could not be used because of 
unfavorable weather, its operation 
was explained to the group. 

Holloman: W. D. Stinnett, Van- 
guard project engineer at Aerojet- 
General Corp., was the guest of honor 
and principal speaker at the third of 
the special series of meetings of the 
Section devoted to  astronautics. 
Speaking on “‘The Vanguard Vehicle 
and the Earth Satellite,’ Mr. Stinnett 
described some of the manufacturing 
techniques involved in building the 
Vanguard second stage and the prob- 
lem of actual operation and tracking 
of the vehicle. 

New York: Harold W. Ritchey of 
Thiokol Chemical Corp. was the fea- 
tured speaker at the April meeting of 
the New York Section. Dr. Ritchey’s 
topic was ‘Capabilities of Solid 
Rockets,”’ and his discussion covered 
present and future propulsion capa- 
bilities of solid rockets as compared 
with liquid rockets, and the possible 
application of solid rockets to space 
flight vehicles. Films of actual flight 
tests were used to highlight the ad- 
dress. 

Niagara Frontier: William A. Boles, 
director of public relations, Bell Air- 
craft Corp., was the featured speaker 
at the April meeting. Mr. Boles told 
how public relations works and how it 
fits into the corporate operations of a 
defense industry. 

At the previous meeting, T. F. 


scope at the Perkins Observatory during a 
recent visit, its operation was explained in 


detail to 100 members and guests. a 


Reinhardt, research manager, Rocket 
Div., Bell Aircraft, discussed high 
energy propellants and their applica- 
tions in the fields of guided missiles, 
military aircraft and earth satellites. 

Newly elected officers of the Section 
are: Harry A. Ferullo, president; R. 
D. Reinhardt, vice-president; H. P. 
Heubusch, corresponding secretary; 
and Clayton Williams, treasurer. 

Northern California: Some 60 mem- 
bers and guests of the Section en- 
joyed a showing of a sound film on 
“Stellar Evolution,” featuring George 
Gamow, at the Section’s last meeting in 
Millbrae, Calif. Section President A. 
K. Oppenheim announced at the meet- 
ing that future meeting notices would 
be included in a new section publica- 
tion, San Francisco Engineer,” 
which would be distributed to all 
members. 

North Texas: A group of Convair 
engineers, all members of the Section, 
recently told Air Force Reservists that 
space flight has graduated from a 
“crackpot” idea to the realm of possi- 
bility. Speaking at a panel discussion 
at the Air Reserve Armory on “The 
Impact of Missiles on National De- 
fense,’”’ John Kerr, Charles Crabtree, 
Lynn Lightbown and John Keller 
traced rocket progress through the 
years. Films of the Convair B-58 
were also shown. 

Sacramento: About 60 members 
and guests of the Sacramento Section 
heard Wayne aemeuees and John 


Altseimer, Aerojet-General Corp., and 
Arthur Leonard, member of the Na- 
tional Advisory Committee for the 
Tracking of Satellites, discuss Project 
Vanguard at a recent meeting. Mr. 
Altseimer opened the program with a 
review of the history and objectives 
of the Vanguard effort. Then Mr. 
Stinnett explained the operation of 
the three Vanguard stages, their per- 
formances and trajectories, and the 
problems to be overcome. Finally, 
Prof. Leonard explained _ satellite 
tracking procedures and the difficul- 
ties involved. 

San Diego: Abe Berlad, senior staff 
scientist, Convair Scientific Research 
Laboratory, was the featured speaker 
at a joint meeting of the San Diego 
Section and the local IAS chapter. 
Dr. Berlad’s topic was ‘‘Combustion 
Problems—Basie and Applied,” and 
his discussion covered recent advances 
in the field and pointed up areas 
where further research and experi- 
mentation is necessary. 

St. Joseph Valley: To stimulate in- 

terest among high school and junior 
high school students in the rocket and 
guided missile field, the Section re- 
cently participated in the first city- 
wide South Bend ‘‘Career Conference 
Day” exhibit. The Section displayed 
a 500-lb-thrust liquid rocket engine. 
along with posters and explanatory 
information. The exhibit attracted a 
good deal of attention. 
. H. H. Kurzweg, chief, Aeroballistic 
Research Dept., Naval Ordnance Lab- 
oratory, was the featured speaker at 
the last Section meeting. Approxi- 
mately 125 people attended the meet- 
ing. Dr. Kurzweg appeared earlier 
on the South Bend, Ind., television 
network. 

St. Louis: R.A. Cooley, Propellex 
Chemical Corp., newly elected presi- 
dent of the Section, discussed solid 
propellants, propellant performance 
characteristics, and present and future 
applications at a recent meeting. 
Other new officers are C. James Barr, 
Olin-Mathieson Chemical Corp., and 
C. E. Durham, White-Rodgers Elec- 
tric Co., vice-presidents; Joseph A. 
Volk, Greenleaf Mfg. Co., treasurer; 
and P. W. Godfrey, McDonnell Air- 
craft Corp., secretary. 


ARS Meetings Calendar 


June 10-13: ARS Serhi-Annual Meeting, 
Hotel St. Francis, San Francisco. 

Aug. 25-28: ARS-Northwestern Technologi- 
cal Institute Gas Dynamics Symposium, 
Northwestern University, Evanston, IIl. 

Dec. 2-6: ARS Annual Meeting, New 
York. 
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Announcement 


: see @ Reaction Motors initiating big new 
= Research and Development Program 


rocket company in America, RMI is now entering its period of great- 

est expansion, a period that will see far-reaching developments in 
_ America’s fastest-growing industry. Your participation in RMI’s 
program during this crucial period is your best guarantee of leader- 


_ ghip in the industry. In a job like one of those listed below you'll be 
_ strategically placed for both achievement and advancement. 


SENIOR DESIGN ENGINEER 3. STRESS ENGINEER 
Prefer ME or AE degree and a minimum of 6 Degree in engineering or applied mechanics. 
years’ experience in aircraft engines or air- Required experience in mechanical design with 
emphasis on stress analysis: 3 years for an 
engineer, to 6 years for the senior engineer. 
Must be able to handle and/or supervise in- 
volved analysis—including the effects of dy- 


frames. You should have extensive design 
experience, including plenty of board time, 


shop contact, structural design, stress analysis. 


You will be working directly with design engi- namic forces, high temperature gradients and 

neers and layout draftsmen on design of light high pressure differentials—under conditions 

weight, complex structures. where light weight is vital. 

2. INSTRUMENTATION 4. PRODUCT ENGINEER 
ENGINEER 


B.S. in M.E., A.E. or equivalent with a mini- 
8 OF mum of 5 years’ airframe powerplant experi- 
electrical engineering; 3-5 years’ experience on ence. Your background should also include 
aircraft engines. Must be familiar with the ap- engineering and customer contact on technical 
plication of instrumentation to testing of rocket products and services. You will assume re- 
or other aircraft engines, the utilization of sponsibility for organizing a program to apply 
currently available instrumentation, or the new and existing powerplants to all types of 
modification and adaptation of such instru- missiles. 2-3 days of your week will be spent 
mentation for particular requirements ana wide answering inquires and preparing proposals, 2- 


limits of flow temperatures, pressure, thrust, etc. 3 days traveling. a 
RMI’S 6 MAIN PROJECT AREAS INCLUDE: ya 
MISSILES PILOTED AIRCRAFT LAUNCHING DEVICES GROUND SUPPORT 
EQUIPMENT ¢ LIQUID AND SOLID PROPELLANT CHEMISTRY * NUCLEAR ROCKETS ra) 


drop a note or send complete resume in strict confidence to: 


_ te For additional information on these or any other positions, 
SUPERVISOR OF TECHNICAL PLACEMENT 


REACTION MOTORS. 


A MEMBER OF THE oman TEAM 


65 FORD ROAD ¢ DENVILLE, N.J. 
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: TO EXPERIENCED ROCKET ENGINEERS AND SCIENTISTS 7s 
: 
— 
@ Key spots me ve already 
made a name for themselves in Rockets 
>) 5 
you’re one of the relatively few trained rocket men in America, 
| your experience will pay off handsomely at Reaction Motors. The first 2 
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APPOINTMENTS 


e Lt. Col. John P. Stapp, chief, Aero 
Medical Field Laboratory, Holloman 
AFB, has been promoted to Colonel. 
Col. Stapp’s date of rank is April 8. 


ej. C. Clark has been named staff 
assistant to J. R. Dempsey, manager 
of Convair-Astronautics, and will work 
on research and development of the 
Atlas Intercontinental Ballistic Mis 
sile. Dr. Clark was formerly asso- 
ciate leader of the Test Div., Los 
Alamos Scientific Laboratory. 

e Aerojet-General Corp. has appointed 
Alfred Schaff Jr. manager of test and 
field service of the solid rocket plant, 
and R. W. Powell assistant division 
manager of the Avionics Div. B. J. 
Gastineau will succeed Powell as chief 
engineer, Avionics Div. 

e Milton E. Chandler, co-founder of 
Chandler-Evans, now a division of 
Pratt and Whitney Co., Inc., has re- 
tired from active duty as engineering 
manager for Chandler-Evans, a post 
he has had for 20 years. He will con- 
tinue to serve the company in an ad- 
visory capacity. 


Ridenour 


Craigie 


e Lt. Gen. Laurence C. Craigie, former 
commander of the Allied Air Force 
in Southern Europe, has joined Ameri- 
can Machine and Foundry Co. as 
assistant to the defense products 
group executive, in charge of long 
range planning. Gen. Craigie is a 
director of Giannini Instrument Co. 
and Hydro-Aire Co. 

e Lockheed Aircraft Co. has made 
Louis N. Ridenour the first director 
of its newly organized research and 
development branch. In two major 
appointments in the Missile Systems 
Div., Willis M. Hawkins, former 
director of engineering, has been 
named assistant manager of the divi- 
sion, and William D. Snow product 
planning branch chief. 


e Lt. Comdr. Enoch D. Blackwell, 
assistant Bureau of Aeronautics repre- 
sentative for U.S. Navy at Buffalo, has 
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ple in the News 


joined 


tion of Olin 
Corp. 


Hawkins 


Snow 


e Sherman M. Fairchild, founder and 
board chairman of Fairchild Camera 
and Instrument Corp., has been 
elected president, succeeding John H. 
Clough, a past president of Fairchild 
Engine and Airplane Co. as well as 
president and director of Fairchild 
Camera and Instrument Co. Mr. 
Clough will be a consultant for the 
company. 

e Frank R. Carver has been appointed 
radar development department chief; 
E. E. Herman, radar systems depart- 
ment chief; and John C. Bailey, head 
of the scientific and general recruit- 
ment for the systems development 
laboratories of Hughes Aircraft Co. 
Mr. Carver and Mr. Herman were 
previously associate heads of the 
radar department. 

e Axelson Aviation, newly organized 
as a separate facility of Axelson Mfg. 
Co., has appointed Robert R. Cole 
chief design engineer. He was pre- 
viously with Douglas Aircraft Corp. 
e Albert B. Deyarmond has been 


named a member of the technical staff 
of the synthesis section of the tech- 


Carver 


nical military planning operation, 
General Electric Co. Prior to this he 
was chief of preliminary design and 
chief of missiles projects at Ryan 
Aeronautical Co. 

e Richard W. Hodgson, former vice- 
president in charge of engineering, has 


the contract administration 
staff of the high energy fuels organiza- 
Mathieson Chemical 


Blackwell 


Bailey 


been elected executive vice-president 
and director of research, and Walter 
Y. Fish has been elected vice-president 
in charge of engineering of Arnoux 
Corp. Prior to joining Arnoux one 
and a half years ago, Mr. Fish was in 
charge of Convair Florida missile test 
operations, Patrick AFB. 

e Alexander J. Yorgiadis will be pro- 
duction manager and chief engineer 


Cole Yorgiadis 


and A. Umit. Kutsay assistant chief 
engineer of the new dynamics prod- 
ucts group, Electronics and Instru 
mentation Div., Baldwin-Lima-Hamil- 
ton Corp. 

e Joseph Philipson will head Atlantic 
Research Corp.’s new western divi- 
sion with headquarters in Pasadena. 


Philipson 


Kutsay 


The division will be particularly con- 
cerned with rocket, solid propellant 
and ordnance development. Howard 
Niederman, formerly of Aerojet-Gen- 
eral, and J. Russell McGibbeny, pre- 
viously with U.S. Flare Corp. and 
Associates, will hold key posts in the 
division. 

e Thomas F. Fitzgibbon, Parker Air- 
craft Co., has been named manager of 
the Hydraulic Div. He aided in the 
establishment of the division in 1953 
as divisional chief engineer. 

e Charles A. Nuebling has been ap- 
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In solid 
propellant rocketry 


THIOKOL solid propellant 
rocket engines have 
proved their versatility, 
_ ruggedness and power in 


FALCON 
_ a number of missiles. 


NIKE HERCULES 
; Yet the new propulsion 


NIKE-CAJUN | systems constantly being 
! developed by Thiokol engineers 
LACROSSE the frontiers of solid 
MATADOR "B” BOOST! propellant rocketry appear 
almost unlimited. 


TERRAPIN 
If you are a mechanical, 


electronic, chemical or 

geronautical engineer, 
a chemist or physicist 
interested in joining the 
expanding field of solid 

_ propellant rocketry, you are 

invited to send your inquiry to: 
THIOKOL CHEMICAL CORPORATION, 
Redstone Div., Huntsville, Ala.; ‘ 
“Longhorn Div., Marshall, 
Elkton Div., Elkton, Md.; 

_ and Utah Div., Brigham City, Utah. 


GHEMIGAL GORPORATION 


780 North Clinton Avenue, Trenton 7, N. J. 


® Registered trademark of the Thiokol Chemical 
Corporation for its liquid polymers, rocket propel- 
lants, plasticizers and other chemical products. 
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Temperature compensated 
over 465°F. interval 


F, thermal coefficient of 
sensitivity from —65° to +400°F. 


0.01% fs/°F. thermal zero shift 


No cement or resin pressure seals 


Homogeneous sensing diaphragm 
surface 


Statham unbonded strain gage 
transduction 


Minimum response to vibration 
or acceleration 


Pressure adapters for closed 
line applications 


Absolute Pressure Transducers 
0-5 to 0-500 psia — Model PA260TC 


Gage Pressure Transducers 
0-5 to 0-500 psig— Model PG260TC 


Differential Pressure Transducers 
0-5 to 0-500 psid — Model PL26G0TC 
+2.5 to +25 psid— Model PM260TC 


When the transducer is a 
Statham, pressure 
measurements at elevated 
temperature are made with 
accuracy and confidence. 


Complete specifications available upon request. 


Please wire or telephone us collect 
whenever we may be of service. 


LABORATORIES 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 


pointed manager of engineering, Elec- 
tronics Div., Fairchild Controls Corp., 
a subsidiary of Fairchild Camera and 
Instrument Corp. Before joining 
Fairchild, he was director of electronics 
at Arma Div., American Bosch Arma 


Corp. *- a. 


Douglas Der Werff 


e Louis C. Prisco has been appointed 
sales engineering manager of the Re- 
connaissance Systems Div., Fairchild 
Camera and Instrument Corp. Pre- 
ously he was sales manager of the 
division’s nuclear instrumentation de- 
partment. 
e Bell Aircraft Co. has named Robert 
M. Hawley to the new position of 
director of sales and customer rela- 
tions for the Weapon Systems Div. 
He was previously with Avro 
(Canada). 
eR. E. Day has been appointed chief 
project engineer-metal products, Solar 
Aircraft Co. He was previously en- 
gineer for other Solar development 
programs. 
e Everett J. Long and James C. Kyle 
will fill two newly created positions at 
the Transducer Div., Consolidated 
Electrodynamics Corp. Long will be 
assistant director of the division while 
Kyle will be assistant director for engi- 
neering. Herbert A. Johnson, assist- 
ant production manager, will move up 
to fill Long’s previous position as pro- 
duction manager of the division. 
e Finn Aeronautical Div., T. R. Finn 
Co., has named Thomas L. Douglas 
senior sales engineer. Prior to joining 
Finn, Mr. Douglas was plant manager 
of Tolan Machinery Co. 
e Gladden Aircraft Products Corp., a 
subsidiary of Gladden Products Corp., 
has appointed J. B. Van Der Werff 
chief engineer. 
e Irwin A. Davis of Wyandotte Chemi- 
cal Corp. will be project engineer of 
the company’s new oxide products 
plant. 
e Clare E. Barkalow has been named 
associate manager, Advanced Engi- 
neering Div., Lear, Inc. 
e Ford Instrument Co., a division of 
Sperry Rand Corp., has announced 


| several changes in personnel. Robert 


Northrop Aircraft, Inc. 


J. Seymour has been named manager 
of product planning while continuing 
as administrative assistant to the 
vice-president. Edmund C. Bennett, 
former assistant manager of the test 
and service department, has been ap- 
pointed manager of the production test 


department in the Quality Control 


Div., while Raymond R. Nadroga has 
been appointed chief tool engineer. 

e John W. Ballentine has been ap- 
pointed aircraft field representative 
in the Los Angeles area for L. O. F. 
Glass Fibers Co. He was formerly an 
aerodynamics engineer with Douglas 
Aircraft Co. 

e Kenneth P. Bowen has been named 
general manager, Summers Gyroscope 
Co. Previously, he was vice-presi- 
dent, manufacturing and material, 


Barkalow Bowen 


e Jay J. Newman has been appointed 
manager, new product and market de- 
velopment, RCA Components Div., 
after six years with RCA. 


HONORS 


e William C. Foster, vice-president in 
charge of high energy fuels activities, 
Olin Mathieson Chemical Corp., has 
been awarded an honorary Doctor of 
Laws degree by Syracuse University. 

eC. C. Ross, manager, Liquid Engine 
Div., Aerojet-General Corp., and two 
other Aerojet officials, Y. G. Lee, 
director of research and planning, 
Liquid Engine Div., and A. W. Cobb, 
assistant senior engineer, have been 
appointed to special technical com- 
mittees of the National Advisory Com- 
mittee for Aeronautics for 1957. Mr. 
Ross, winner of the AMERICAN ROCKET 
Society’s 1956 Goddard Award, has 
been reappointed chairman of the 
subcommittee on rocket engines and 
named to the Committee on Power 
Plants for Aircraft. Mr. Lee has 
been appointed to the NACA sub- 
committee on combustion, and Mr 
Cobb to the subcommittee on aircraft. 
noise. 


e Charles E. Wilson, former president 
of General Electric Co., has been 
named chairman of the Manhattan 
College Council on Engineering Af- 
fairs. 
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EXPERIMENTAL WORK 
NO JOB TOO TOUGH 


SOLID PROPELLANT POWER PLANTS 
THIN OR HEAVY WALLED 

PRECISION MACHINED NOZZLES 
& MOTOR CASES ALSO “ 
LIQUID PROPELLANT MOTOR COMPONENTS , 


UP OR COMPLETE 
MODELS 


A DIVERSIFIED, EXPERIENCED 
ORGANIZATION GEARED TO MOVE QUICKLY 7 “- 
ON YOUR PRELIMINARY PRODUCTION é 
PROBLEMS; ONE ABLE TO ABSORB YOUR 
INITIAL ENGINEERING CHANGES AND PUT ys 
THEM INTO EFFECT WITHOUT DELAY. : 


LETTER OR PHONE CALL WILL BRING 
OUR REPRESENTATIVE 


EXCELCO DEVELOPMENTS 
SILVER CREEK, NEW YORK 


PHONE 101 | 


HIGH PRESSURE SPHERES EXPERIENCED 
IN ALL MATERIALS X4130 
HEAT TREATED, STAINLESS, 

ALUMINUM ALLOY, INCONEL X ETC. 
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Book Reviews — 


Die Wege des Strahlfluges (Trends in 
Jet Propulsion), by Eugen Sanger, 
R. Qldenbourg, Munich, June 1955, 
14 pp. DM. 


Reviewed by J. Kest1n 
Brown University 


The present brochure is the third to 
appear in a series sponsored by the 
German Forschungsinstitut fuer Physik 
der Strahlantriebe, e. V. (Research In- 
stitute for the Physics of Jet Propulsion, 
Inc.) in Stuttgart. It contains the text 
of a lecture delivered by the Institute’s 
co-director, Dr.-Ing. Eugen Sanger who 
is well known internationally for his 
pioneering work in this field. It was, 
what one might term a ‘“key-note” 
speech, and was read at the first meeting 
of the members of the Institute on July 
12, 1955. It contains a review of present 
trends in the development of propulsion 
systems for aircraft, guided missiles and 
rockets, and attempts to assess their 
relative merits and regions of applica- 
bility. It is, necessarily, somewhat hur- 
ried, and even to a certain extent super- 
ficial, it being evident that the author 
tried to enclose a large amount of subject 
matter in the space of a short lecture. 
It contains a fairly complete listing of 
declassified information on American 
missiles and pilotless aircraft, indicating 
even the agency sponsoring each respective 
project and the manufacturer primarily 
responsible for its development. 

The author tries to take a long view of 
developments, and attempts to predict 
likely trends. His enthusiasm is evident 
in every word he says, and he is undaunted 
by obvious practical difficulties which 
have to be overcome before space flight 
can be seriously considered to be a 
technical possibility, or before photon 
rockets and flight at speeds comparable, 
or even surpassing (sic!) that of light 
can become matters of practical engineer- 
ing concern. 


Soviet Air Power, by Richard E. 
Stockwell, Pageant Press, New York, 
1956, xii + 238 pp. and Appendix. 
$7.50. 


Reviewed by Leon TRILLING 
Massachusetts Institute of Technology 


“Soviet Air Power” is a detailed dis- 
cussion of the history of the Soviet 
air force and a description of some of the 
air weapons now available to it. It 
also includes a discussion of some of the 
engineering philosophy and_ principles 
which underlie Soviet aeronautical en- 
gineering. 

Because of our vast ignorance of the 
subject, a study with these aims fills 
a great need and is a great challenge. 
Unfortunately this challenge is only 
partly met in this book. 

In fact, one may find a large number of 
errors in it, ranging from fairly trivial 
ones (on page 5 TsAGI is described as a 
training academy while it is in fact the 
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Ali Bulent Cambel, Northwestern University, Associate Editor 


Soviet equivalent of the NACA, its main 
purpose being research and testing rather 
than serving as an institution of higher 
learning; on page 39, Professor Gunther 
Bock is called Erwin von Bock; on page 
47 there is an abstract of an article which 
purports to describe the design and 
flight testing of the MIG 15 and which is 
fairly clearly a fake) to important 
omissions. 

A considerably more serious criticism 
seems to this reviewer to be the exagger- 
ated emphasis put by Mr. Stockwell on 
the contributions of German technicians 
to the Soviet air development program. 
Clearly, much of the first-hand informa- 
tion in the book came from German 
scientists repatriated from the USSR 
who may have exaggerated the importance 
of their contributions. In fact an analy- 
sis of unclassified Soviet publications on 
fluid mechanics and the theory of elas- 
ticity and plasticity indicates that the 
Soviet air program pointing toward the 
development of weapons with supersonic 
capabilities was decided upon before 
1942 and it was stated to this reviewer 
that while German contributions were 
significant in guidance and propulsion, 
they were negligible in aerodynamics 
and aircraft structures. 

This comment leads to what this 
reviewer considers the most serious short- 
coming of “Soviet Air Power,’’ namely, 
the complete absence of any discussion 
of the Soviet research and development 
program which must be understood in 
order to permit the formulation of any 
plausible prediction of the rate of prog- 
ress of Soviet airpower development. 

“Soviet Air Power’ is a snapshot in- 
tensely interesting and valuble in spite 
of its inaccuracies of the present state of 
Soviet air power development; there is 
now enough available material to give 
more depth to the picture by sketching 
in the engineering and scientific base on 
which Soviet air technology is built. 


Introduction to Numerical Analysis, F. B. 
Hildebrand, McGraw-Hill, New York, 
1956, 522 pp. $8.50. 

Received by H. N. McManus, Jr., 
Northwestern University 


The intention of the author has been 
to prepare a text for a first course in 
numerical analysis which would provide 
the reader with a basic knowledge of the 
fundamental techniques of this field. 
As a consequence, a major part (five 
chapters) is devoted to the basic processes 
of interpolation, finite difference opera- 
tions, numerical integration, and numeri- 
cal differentiation. Each of these general 
topics is considered in some detail and 
special techniques which facilitate certain 
type calculations have been presented. 

The balance of the volume is concerned 
with polynomial approximations by least 
squares, various methods of quadrature, 
nonpolynomial approximations, numerical 
solution of ordinary differential equations, 


and numerical solution of equations. This 
last topic is essentially an independent 
entity, as the methods involved are not 
based upon the remainder of the volume. 
Throughout the entire work considera- 
tion is given to the error introduced by 
the various techniques of approximation. 
Error propagation as a result of faulty 
data is also considered. The continuing 
attention to error throughout the volume 
serves to emphasize for the student the 
fact that the methods under study are 
indeed approximate rather than exact. 
Each chapter is liberally supplied with 
problems. An extensive bibliography is 
included. 

It is quite obvious from the above that 
the emphasis is on theory rather than 
application. The chapter dealing with 
solution of differential equations is more 
a demonstration of numerical techniques 
than an application in the engineering 
sense. While this may appear undesir- 
able to the engineer with a problem, it 
should be recognized that the field of 
numerical analysis is one which has been 
in the throes of rapid expansion. Con- 
sequently, many of the individuals who 
have entered the field have done so with- 
out formal training in the fundamentals. 
It is highly desirable that in the future 
personnel with a firm grounding in basic 
numerical processes be available to in- 
sure the continued extension of useful- 
ness of this field. The present volume 
will serve an important function as a 
text for students interested in numerical 
methods, and those who have entered the 
field informally will find it a for 
independent study. 


be 


Guidance, by Arthur 8. Locke and con- 
tributing authors from the Naval Re- 
search Laboratory, D. van Nostrand 
Co., New York, 16 index pp. + xvii + 
713 pp. $12.50. 


Reviewed by WautTer T. WuiTE and 
G. K. SLAUGHTER 


Sperry Gyroscope Co. 


This book is a compilation and brief 
treatise of the fundamental sciences and 
techniques that go into the design of a 
guided missile system. The principal 
author, A. 8. Locke, a former consultant 
of the Radar Division, Naval Research 
Laboratory, has been ably assisted by 
scientists and engineers, each a specialist 
in his field, associated with the Naval 
Research Laboratory. ‘‘Guidance’’ is the 
first of a series of five volumes on ‘‘Princi- 
ples of Guided Missile Design.’”?’ The 
editor of the series is Capt. Grayson Mer- 
rill of the U. S. Navy. Future volumes 
will treat other phases of missile design 
which include ‘Aerodynamics, Propul- 
sion, Structure,’ “Armament, Launching, 
Range Testing,’ ‘Operations Research, 
System Engineering ”’ and “Space Flight.”’ 

The guiding philosophy behind this 
book is summarized best by quoting from 
the preface: ‘The purpose .. . is to give a 
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basis for instruction to graduate students, 
professional engineers, and technical offi- 
cers of the armed services so that they can 
become well grounded in the technology of 
guided missiles. An engineer who absorbs 
only this material will not be ready at once 
to commence the design of a guided missile 
or of its components.’ With this as its 
objective, the book performs quite ably. 
It gathers in one place the multitudinous 
and varied subjects that ultimately must 
he used to form a guided missile system. 

Each chapter covers one particular 
topic; for example, the earth and its 
environs, transmission of radio waves, 
infrared, servo theory, analysis of flight 
paths and bandwidth studies, to cite only 
afew. The coverage is sufficient to instill 
an awareness of the applicability of the 
subject to guided missiles, but no chapter 
is complete enough to allow one to become 
an expert in the particular field; indeed, 
the best that can be hoped for is the arous- 
ing of interest to the point that the reader 
will obtain a more detailed treatment of 
the subject in question. 

An engineer experienced servo- 
mechanisms design may wish to skip 
Chapter 7 (on servo system theory), for it 
probably contains no new ideas for him 
(bear in mind that this was not the intent 
of the book in the first place). On the 
other hand, this chapter will prove inform- 
ative to a physicist whose major field -is 
electromagnetic propagation and who has 
never read a book on servo theory. The 
servo engineer will be interested in the 
bandwidth studies (Chapter 18), which 
represent concepts with which he _ is 
familiar, but which are extended into sys- 
tem considerations.. It is this type of 
usefulness which pervades the book. 

Certain chapters represent a summary 
of subjects which, it is believed, have not 
been compiled previously outside of classi- 
fied literature. Prominent among these 
are Chapter 8 (tactical considerations), 
Chapter 12 (analysis of flight paths). 
Chapter 13 (prelaunch and launch), and 
Chapter 20 (system concept). 

‘The space devoted to certain topics may 
be questioned in view of the stated pur- 
pose of the book. For example, in Chapter 
7 (servo system theory), sixty pages are 
devoted to servo theory; the same pur- 
pose might he served by presenting only 
statements of fact and conclusions, rather 
than complete derivations, and referring 
the reader to a text on servo funda- 
mentals. 

On the other hand, Chapter 10 (detec- 
tion and information gathering) disposes 
of the whole field of microwave compo- 
nents by stating that “there is little in the 
design of r-f components which is peculiar 
to the field of missile guidance.’”’ Here, a 
prior knowledge is presupposed and the 
object of the author is simply to re- 
acquaint the reader with basic facts. The 
latter course seems the better approach. 

The principal topic of the book, missile 
guidance, is covered largely in Chapter 1 
(fundamental problems of missile guid- 
ance); Chapter 2 (prior developments); 
Chapter 8 (tactical considerations); and 
Chapter 16 (missile guidance systems). 
The material is discussed quite thoroughly 
and is well illustrated with specific exam- 
ples of surface-to-surface, surface-to-air, 
air-to-surface and air-to-air missiles. By 
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address below. 


MISSILE PROJECT ENGINEER 

Coordinate project analysis, planning and 

controls including determination of project 

—_— and commitments in missile 
eld. 


ELECTRONIC SYSTEMS ENGINEER (Field Service) 
Liaison with associate contractors and 
government agencies on inertial guidance 
system project. Must be thoroughly famil- 
iar with matters relating to digital and 
analog computers, power supplies, envi- 
ronmental conditions, housing and test fa- 
cilities and test equipment. 


FIELD EVALUATION ENGINEER 

Perform overall planning functions for 
field evaluation of missile guidance sys- 
tems. Direct activities in scheduling the 
field operations. Liaison with field test site 
agencies and formulating overall operat- 
ing procedures at test site on missile project. 


MECHANICAL DESIGN ENGINEER 

Perform mechanical design of airborne 
instrumentation and transducers required 
for field evaluation of missile guidance 
systems. Responsible for packaging and 
mounting equipments. 


FUNCTIONAL ENGINEERS — MISSILE SYSTEMS 
Develop inertial guidance systems includ- 
ing gyro, accelerometers, integrators, servo 
systems and computers. Analyze function- 
al problems arising during development 
and evaluation of said system. 


OPERATIONAL EVALUATION ENGINEER 
Perform engineering studies and analysis 
of techniques for evaluating performance 
of missile guidance systems and its com- 
ponents including gyros, accelerometers, 
digital computers. 


PLATFORM ENGINEER 

Conduct investigation of a theoretical na- 
ture relating to gyros or inertial platforms 
including design of closed loop control 
equipment pertaining to the above. 


GYRO DEVELOPMENT ENGINEER 

Develop precision gyro systems including 
mechanical problems such as lubrication, 
temperature controls, hydrostatics and vi- 
bration and electronic work on acceler- 
ometers, amplifiers, torquing circuits and 
electrical pickups. 


OPERATIONAL ANALYSIS ENGINEER 

Development work on evaluation of in- 
ertial guidance systems including in-plant 
and flight analysis of gyro systems. Devel- 
opment of measuring devices for precise 
determination of in-flight velocity, acceler- 
ation, altitude and position information. 


RELIABILITY ENGINEER 


Develop methods for evaluation of ac- 
curacy, reliability and operational suitabil- 
ity of missile guidance systems. 


engineers scientists 


WHICH OF THESE 
18 CAREER POSITIONS at ARMA 
INTERESTS YOU MOST? 


New long range projects assure not only challenging, high- 
level creative work, but security and job stability as well. 
Excellent starting salaries plus all the resort and cultural 
advantages of suburban Long Island living. Moving allow- 


A partial listing follows. Information on many more posi- 
tions may be obtained by contacting Robert Burchell at the 


SYSTEMS EVALUATION (MISSILE GUIDANCE) 


Perform functional engineering studies 
and design of inertial guidance systems, 
determine system and component require- 
ments and performance, conduct system 
and component dynamic studies and simu- 
lation, perform error analysis. 


PROJECT ENGINEER — 
PRODUCTION TEST EQUIPMENT 


Administer and technically direct the pro- 
ram of design, development and manu- 
acture of test equipment for production 
use in the manufacture, inspection, test and 
reliability control of highly complex elec- 
tronic, electro-mechanical and gyroscopic 
equipment required for missile application. 


GROUND EQUIPMENT ENGINEER 


High degree of technical and administra- 
tive responsibility on complex projects in- 
volving the design and development of 
production test and field test equipment for 
gyroscopic systems and digital computers. 


PROJECT ENGINEER — AIRBORNE EQUIPMENT 


Guide and assist engineers in technical 
problems in field of electrical and electron- 
ic design, servo systems, missile guidance 
systems. Responsible for major product 
improvement program and test programs. 
Provide technical liaison with quality con- 
trol. Heavy servo background desired. 


ENVIRONMENTAL ENGINEER 


To plan, conduct and report upon devel- 
opment studies of finishes, materials and 
processes, which will be incorporated in- 
to the design of electromechanical and 
electronic comp its and systems. 


OPERATIONAL ANALYSIS ENGINEER 


To plan, conduct and report upon environ- 
mental tests of electromechanical and elec- 
tronic systems. Must be capable of rede- 
signing components or systems to correct 
any deficiencies encountered during the 
evaluation program in the computer, servo 
systems and missile field. 


QUALITY CONTROL ENGINEER 


Require experience in gyroscopic trouble 
shooting. Design knowledge of stable ele- 
ments and some background regarding 
reliability and failure association for com- 
plex guidance systems to be used in mis- 
sile field. Must have complete knowledge 
of statistical methods. 


GROUND EQUIPMENT ENGINEER 


Plans and performs engineering studies, 
basic electrical and mechanical design, de- 
velopment and evaluation of production 
test and field test equipment where speci- 
fic objectives and general requirements are 
known. Must be familiar with electrome- 
chanical instrumentation. 


Clip the job (or jobs) you’re interested in and mail, with your 
confidential resume. No reference contact without your per- 
mission. You'll receive a prompt reply, and your copy of 


“Your Engineering Career with Arma,” full of detailed 


information about this company. - 


Mr. Robert Burchell oe 


Technical Personnel Dept. J-674 


Division American Bosch Arma Corp. 


Roosevelt Field, Garden City, L.1., N. Y. 


3 
L 
- a 
le 
a 
aye 4 
| 
1. { 
2 
| 
4 
| 
Cee 
d 
| 
€ 
— 
ix? 
| 
<2 


- 


HOOT FOR THE TOP! 


with 


Chrysler Missile Operations 


Detroit, Michigan 


WHATEVER YOUR GOAL IN ENGINEERING 
MISSILE OPERATIONS OFFERS CHALLENGING 
CAREER OPPORTUNITIES IN 


LABORATORIES 


and 
MANUFACTURING 
for 


Engineers with Experience 


HYDRAULICS METALLURGY 
ELECTRONICS - AERONAUTICS | 
QUALITY CONTROL + PNEUMATIC 
TESTING - GUIDANCE AND CONTROL 
ELECTRO-MECHANICAL PACKAGING 
PRESSURE AND TEMPERATURE 
TEST PLANNING + PLANT 


ENGINEERING 
TELEMETRY INSTRUMENTATION 


TOP 
CHRYSLER 


These are permanent positions in suburban 
Detroit, Michigan. Moving and relocation 
expenses paid. 


WATCH YOUR LOCAL NEWSPAPER’S 
CLASSIFIED ADS FOR WORD OF MISSILE | 
OPERATIONS RECRUITERS IN YOUR AREA 


or write 


CHRYSLER CORPORATION 


Missile Operations, 
P.O. Box 2628, 


Personnel Dept. 
Detroit 31, Michigan 


consideration of the several tactical mis- 
siles, the authors describe inertial, com- 
mand, beam riding and command guidance 
Systems and give the reasons for the choice 
of the guidance system in each case. Al- 
though the authors emphasize that their 
choice for a guidance system is based on a 
superficial examination of the problem, 
the inexperienced reader may fail to note 
this and may consider the authors’ choice 
optimum. For example, with the air-to- 
air missile, semi-active homing is se- 
lected because it permits salvo fire and 
does not unduly restrict maneuvers of the 
launching aircraft. A more complete 
evaluation would bring in other factors, 
which might eliminate semi-active homing 
from consideration. However, considering 
limits required to avoid disclosure of clas- 
sified information, the authors have pro- 
vided an excellent résumé on guidance 
systems for missiles. 

Two topics of major importance in the 
design of guidance systems are reliability 
and maintainability. These receive 
limited consideration, but because of their 
great significance they should receive a 
more complete treatment even though they 
lack the glamor of the higher-order dif- 
ferential equation. 

Engineers, scientists and military per- 
sonnel initially embarking on a career in 
the field of guided missiles will find the 
book an invaluable source of information. 
The book provides an organized guide to 
the many facets of missile systems and it 
emphasizes the fantastically broad scope 
of the subject. 

The experienced missile engineer should 
be versed in the major subjects covered. 
However, he most certainly will discover 
many facts throughout the text that he 
has either forgotten or never knew, and 
the book serves as an excellent reference 
on missile guidance. A bibliography at 
the end of most chapters directs the reader 
to related and advanced treatment of the 
major topics. 

The editor and authors are to be con- 
gratulated for assembling in this volume 
much of the large scientific and industrial 
effort directed toward the guidance of mis- 
siles in flight. 


Engineering Analysis, by Stephen H. 
Crandall, McGraw-Hill Book Co., New 
York, 1956, ix + 417 pp. $9.50. 

Reviewed by James J. KauzLaricu 
Northwestern University 
This book is more aptly described by its 


subtitle: ‘A Survey of Numerical Pro- 
cedures.”’ As such, it is a textbook that 


‘lays the foundations for further work in 


engineering analysis by numerical meth- 
ods. Essentially it complements ad- 
vanced engineering mathematics from the 
point of view of analysis of systems that 
are too difficult to handle by means other 
than numerical procedures. 

Although the book is primarily con- 
cerned with numerical procedures, the 
author has considered as a second objec- 
tive the construction éf a mathematical 
model for a physical situation. This 
second objective governs the organization 
of the book into three general classes of 
problems: Equilibrium, eigenvalue, and 
propagation problems. 
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High Ambient 
Temperature 
Magnetic Transducers 


translate mechanical motion 
into AC voltage 


Actual 
size 


Model 3030 HTAN $29.50 list 


Operate in temperatures 
up to 500° F. 


Internal Teflon construction and 
Teflon insulated wire. 


Available in miniature size: 
Model 3015 HT $19.50 list 
(1-9/32” long — 1/3 oz.) 


Write for new bulletin CMP 656 
and quantity prices! 


ELECTRO PRODUCTS LABORATORIES 
4501-JP Ravenswood Ave., Chicago 40, Ill. 
LOngbeach 1-1707 
Canada: Atlas Radio Ltd., Toronto 


INSTANT PRESSURE REGULATION 


0 TO 3000 PSI 


WITH THE 
Proven 
Superior in 
Comparative | Ht/LO HAND LOADER 
Tests 


GENERAL SPECIFICATIONS 
Port Size | 1/4” tube per AND 10056 


Pressures | Operating — 100-3000 psi 
Proof —6000 psi 
Burst—7500 psi Minimum 


Flow | Exceeds any other 
Operating _| !0ader available 


WRITE TODAY for complete details | Temperatures | — 65° to + 250°F 
Weight 1214 pounds 


CORPORATION 
1717 N. Chico Ave. + El Monte, Calif. 
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Designer and manufacturer of fuel 
nozzles for rocket motors. Delavan 
offers experienced personnel and 
complete facilities to design, devel- 
op, test and produce fuel injection 
nozzles for the most advanced 
power plants of today . .* and to- 
morrow! 


DELAVAN Mfg. Co. 


WEST DES MOINES, 
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Marquardt engineers guide their 
projects from theory to 
final application 


Marquardt offers opportunities in 
the field of supersonic propulsion 


Professional engineers are needed at Marquardt Aircraft for 
interesting and challenging ramjet fuel contrcls projects. 
Here — in a creative climate — you will work on the design, 
development or production of fuel control systems which 
govern supersonic ramjet engine power, speed, and fuel air 
ratio and stability. In these automatic and scheduling 
controls, servomechanisms play a major role. 


Outstanding opportunities exist for engineers with a Bache- 
lor of Science Degree in Mechanical, Electrical, or Aero- 
nautical Engineering, Physics or Mathematics. Specialized 
competency is desired in Fluid Mechanics, Supersonic Aero- 
dynamics, Ramjet or Turbojet Engines, La Place Transform 
Theory, Feedback Control Theory, or Analog Computers. 


Professional engineers interested in working with the leader 
in ramjets, “the powerplant of the future”, are invited to 
contact Jim Dale, Professional Personnel, 16551 Saticoy 
Street, Van Nuys, California. 


~ /AIRCRAFT CO. 


FIRST IN RAMJETS es 
Van Nuys, California - Ogden, Utah 


Control Systems Engineers 


The book is further subdivided into 
lumped parameter systems and continuous 
systems. Thus, of the six chapters, the 
first three are concerned with the analysis 
of systems of less difficulty but of the same 
general type as the last three chapters. 

Each chapter follows the same general 
outline. For example, the following 
equilibrium problems with lumped param- 
eters are considered in detail: Elastic 
spring system, d-c network, a-c network, 
continuous beam and hydraulic network. 
The mathematical formulation of the prob- 
lems is given without proof, but sufficient 
references are listed to augment the dis- 
cussion. The general mathematical prop- 
erties of a class of problems are next dis- 
cussed, and in most of the chapters a dis- 
cussion of analysis from energy principles 
is included. The major content of each 
chapter is concerned with solving the 
particular class of problems under discus- 
sion by numerical methods with specific 
example solutions for the problems con- 
sidered in the beginning of each chapter. 

In Chapter I the numerical method of 
successive elimination is discussed from 
the aspect of a systematic method of com- 
putation in order to minimize the number 
of steps necessary for solution. Other clas- 
sical procedures such as iteration and re- 
laxation are discussed in detail. The sec- 
tions on convergence, length of computa- 
tion, and practical suggestions, augment 
the practicality of the book. In Chapter 
II eigenvalue problems for lumped param- 
eter systems ure considered, and matrix 
notation is introduced from the opera- 
tional aspect of solving problems. Chap- 
ter III introduces series methods of solu- 
tion and trial solutions with undetermined 
parameters as well as other methods. 

In Chapter IV a short section on the ex- 
tremum method of analysis for continuous 
systems is presented and the calculus of 
variations is introduced as a logical ap- 
proach to obtaining necessary conditions 
for an extremum to exist. Finite differ- 
ence methods are also introduced and 
iteration and relaxation are applied for 
solution of problems. Of special interest 
is the method of characteristics presented 
in Chapter VI used for solution of propa- 
gation problems in continuous systems. 

This book is particularly suited to the 
person who desires a descriptive introduc- 
tion to the subject of numerical analysis of 
engineering problems. The mature engi- 
neer should have little difficulty in under- 
standing the subject matter. The author 
has presented the general details for the 
analysis of complex engineering problems, 
and sufficient references for more detailed 
study if necessary. 

The content of this textbook has been 
tested for more than six years by being 
given in a course by the author. The 
author who is both a mathematician and 
an engineer is highly qualified as exempli- 
fied by his clear presentation of the sub- 
ject. 

Aerodynamics, Propulsion, Structures and 
Design Practice, by E. A. Bonney, 
M. J. Zucrow and C. W. Besserer, D. 
Van Nostrand Co., Princeton, N. J., 
1956, xii + 595 pp. $10. 

Reviewed by A. E. NorREEN 

General Electric Company 


“Aerodynamics, Propulsion, Structures 
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and Design Practice,”’ although under one | 
cover, more nearly approaches three | 
separate and not-too-well-integrated books. 
Unfortunately the three sections do not 
have a common appeal. Section 1 on 
aerodynamics and Section 3 on structures 
and design practice contain a wealth of 
handbook-type information and current 
operating practice, much of which would 
be of value as reference material for engi- 
neers, managers and administrators new 
to the guided missile field. Section 2 on 
propulsion, occupying 256 of the 595 pages, 
contains information developed from first 
principles which can provide understand- 
ing of the propulsion system and its design 
problems. The material in this section, in 
contrast to Sections 1 and 3, would be 
quite suitable as a text for the guidance of 
graduate students as well as a guide to 
practicing engineers and managers. In 
a common field this diversity of presenta- 
tion might produce a well rounded book; 
however, in this case the fields are adja- 
cent, not coincident, and significant gaps 
are left in the coverage of aerodynamics 
and structures and design practice. 


Section 1 on aerodynamics, by E. A. 
Bonney, provides information on nomen- 
clature and procedures associated with the 
design of the external aerodynamic con- 
figuration of a guided missile. The mate- 
rial presented is, for the most part, directly 
stated without benefit of mathematical 
proof or reasoned explanation. The lack 
of explanation or background development 
and infrequent mention of limitations on 
stated relationships could encourage appli- 
cation of the contents to situations beyond 
those justified or intended. The discus- 
sion of aerodynamic stability of a missile 
rises above these limitations. Testing 
procedures to evaluate aerodynamic per- 
formance are described. An _ extensive 
bibliography of the unclassified literature 
on missile aerodynamics is included which 
should be of considerable use to those de- 
siring a more understandable description 
of the technology. 


Section 2 on propulsion, by M. J. 
Zucrow, includes a history of missile pro- 
pulsion systems, general descriptions of the 
principal configurations, much of the 
nomenclature associated with propulsion 
systems for missiles, and the regions of 
application of the several types of propul- 
sion systems. It contains developments of 
the major simplified performance param- 
eters for turbojet, ramjet and_ rocket 
propulsion systems. These parameters 
serve as excellent tools for over-all under- 
standing of the functions, capabilities and 
major design concepts of the respective 
powerplants. 

Since a large portion of the funda- 
mental gas dynamic material included in 
Section 2 is basic to the subject matter of 
Section 1, it is unfortunate that the section 
on propulsion did not precede the section 
on aerodynamics and that Mr. Bonney did 
not start with the developed gas dynamics | 
of Professor Zucrow in presenting the 
aerodynamic characteristics of missiles. 
The discussion of the ramjet powerplant 
made excellent use of the few pages de- 
voted to this subject and might well have | 
preceded the discussion of the turbojet 
afterburner, since a high percentage of 
this material is applicable to that system. 
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The saga of the 
ancient Titans is epic. — 
When this race of giant 
gods struck their chains 
to walk into freedom, they — 
walked into the immortality 
of legend. 


Today a new giant, the ICBM, | 
Titan, is developing a legend for the _ 
future. 


A select group of engineers is working 
on this project at Martin—Denver. We © 
need others—you, perhaps. We need your © 
ability, your ambition, your imagination. 
In return, we offer a chance to make © 
history. We offer opportunity without — 
limit. We offer the modern facilitie: _ 
of our plant, located in the foot- 
hills of the Colorado Rockies. 


like what you hear. 
Write Emmett E. 
Hearn, Employ- | 
ment Director, 
Dept. J-5, 
P.O. Box 179, 
Denver 1, 
Colorado. 
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Female Coupling 
& Dust Cap 


Male Coupling 
& Dust Plug 


QUICK COUPLINGS 
POSITIVE SEAL—NO GASKETS 


Hofman Quick Couplings are designed to utilize mechanical CAM ACTION giving 
metal to metal medium pressure contact in place of gaskets for a POSITIVE seal 
while requiring only ¥% turn to open or close. Fabricated from high quality 
bronze, these units will give long, trouble-free life. Hofman Quick Couplings 
are available in 1”, 142”, 2”, 242”, 3” and 4” sizes. Armored transfer hoses 
with couplings installed can also be furnished. 


Send for our new 16 page catalog LOW TEMPERATURE APPARATUS 


Laboratories, Inc., 
pees 226 Emmet St., Newark, N. J. yea 


West Coast Agent: BLAIR-MARTIN CO., 1010 Fair Oaks, So. Pasadena, Calif. 


one drop 4 wa 
can destroy a 
$1,000,000. 
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CHECK VALVES to prevent back flow 
or back leakage. 

200 Series —_0-3000 psi 

800 Series 0-600 psi 
Models available for virtually any liquid 
or gas service to 600°F. 


Premium quality valves made by Circle 
Seal guarantee abso/ute sealing under 
all pressure conditions. Circle Seal's 
patented sealing principle has proven 
100% RELIABLE in all applications. 


RELIEF VALVES, SHUTOFF VALVES, 

BLEED VALVES and other special valves 

manufactured to provide the same 

sealing efficiency characteristic 

of Circle Seal design concepts. 


SHUTTLE VALVES for automatic cir- 
cuit switchover with no cross port leak- 


age 

400 Series 0-3000 psi 
Models available for virtually an 
COMPLETE ENGINEERING or gas service to 600° 


DATA AVAILABLE 


JAMES, POND AND CLARK wconrorateo 


2181 EAST FOOTHILL BOULEVARD, PASADENA, CALIFORNIA 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


Section 3, on structures and design prac- 
trice, is similar to Section 1 in the type of 
material included and the manner of pres- 
entation. Missing from this section is a 
description of the procedure for obtaining 
the basic structural design to which the 
factors of safety and the design refine- 
ments included may be applied. There is 
an extensive description of materials 
utilized in guided missile design with many 
of their properties listed. The text indi- 
cated that useful results have been 
achieved by mathematical analyses of 
flutter. More than the prosaic presenta- 
tion of this section would, therefore, seem 
highly desirable. Design refinements and 
modifying influences such as environment, 
packaging and reliability control are dis- 
cussed. Tests to evaluate designs are 
described. A very general discussion of 
heat transfer in electrical equipment is 
included. The sacrifice of an adequate 
discussion of guided missile structures for 
descriptions of detailed design procedures 
seems unfortunate. 


Notices 


Supersonic Inlet Diffusers and Intro- 
duction to Internal Aerodynamics, by 
Rudolf Hermann, Minneapolis-Honey- 
well Regulator Company, Minneapolis, 
1956, xxi + 378 pp. $16. This book 
treats supersonic inlet diffuser flow char- 
acteristics and is quite unique in that it 
concentrates on this one field. The 
problems encountered with diffusers in 
diverse applications are discussed for 
specifically spelled-out and differentiated 
cases. The treatment is mature and in- 
cludes many graphs which should make 
this book of considerable help to the 
design engineer of turbojet and ramjet 
engines. 

Vectors and Tensor Analysis, by 
Nathaniel Coburn, MacMillan Company, 
New York, 1955, xii + 341 pp. $7. 
This is an excellent textbook for the 
graduate student level in engineering and 
applied science. Because it covers much 
material which is not frequently encoun- 
tered in ordinary texts, it should be of 
considerable use to the scientist-engineer 
in his own work. Besides giving the 
background of vector and tensor analysis, 
it includes fine applications such as the 
differential geometry of surfaces, elas- 
ticity, viscous fluids, compressible fluids 
and homogeneous statistical turbulence. 

The Mighty Force of Research, by the 
editors of Fortune, McGraw-Hill, New 
York, 1953-1956, 308 pp. $4. This book 
is a collection of articles on research which 
appeared in Fortune between January 
1953 and August 1955. It deals with 
such subjects as the status of research, 
the scientist, solar and atomic power, 
automation and information theory. 

Rocket Propulsion Elements, 2nd edit., 
by George P. Sutton, John Wiley and 
Sons, New York, 1956, 483 pp. $10.25. 
This is the second edition of the well- 
known book and differs from the original 
version by having additional and new 
data, more recent illustrations and three 
new chapters, including one on heat 
transfer. A fine introductory book about 
the practical aspects and design con- 


siderations of rocket propulsion. 
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AiResearch 


butterfly 


Valves can be 
designed and produced 
to your specifications in 
stainless steel, steel, aluminum, 
magnesium and various alloys 
in sizes from 11/2" up to 16” 


AiResearch butterfly valves han- either manual, pneumatic, elec- sensitivity over a wide throttling * 
dle air, gaseous nitrogen, gaseous trical or hydraulic actuators and range and extreme dependability. : 
helium, liquid oxygen, hydrogen with controls for pressure, temper- AiResearch has 15 years of 
peroxide and various types of ature and rate of flow. Basic char- experience in the design and man- - is 
fuels. Temperature capabilities acteristics are high flow capacity, ufacture of butterfly valves. You | 
range from —325°F to +1200°F. tight sealing convoluted rims, ease are invited to contact us for more — 

Valves can be provided with of operation and maintenance, specific information. 

3 
THE CORPORATION 


AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 
DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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Every day at RoCKETDYNE’s Pro- 
pulsion Field Laboratory, deep in 
California’s Santa Susana Moun- 
tains near Los Angeles, rocket engines 
developing millions of jet horse- 
power are tuned and tested for their 
ultimate job—to power America’s 
long-range missiles. 

These high-thrust engines — devel- 
oping more propulsive power than 
anything before produced—are mov- 


Powerhouse of America’s 
major missile programs 


ing on schedule from RocKETDYNE 
for delivery to the Armed Forces. By 
fall of this year other high-thrust 
production engines will flow from 
another plant now being activated by 
ROCKETDYNE in Neosho, Missouri. 
As today’s engines are being 
delivered, ROCKETDYNE engineers are 
constantly pushing ahead — evolving 
dramatic boosts in power outputs and 
engine performance. 


vis 


BUILDERS OF POWER FOR OUTER SPACE 


ROCK I py Mm Ee 


tet CANOGA PARK. CALIF. & NEOSHO. MO. * A DIVISION OF NORTH AMERICAN AVIATION, INC. 


This kind of tomorrow-minded 
engineering — conducted in a private 
enterprise system—is a keystone in 
the defense structure of the free 
world. 

As an engineer, you could find no 
more challenging and rewarding field 
than Rocketry. Write: RocKETDYNE, 
Personnel Manager, Dept. R-72, 6633 
Canoga Avenue, Canoga Park, Cali- 
fornia or Dept. R-72, Neosho, Mo. 
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Laminated Shim Company, Inc. 

9405 Union Street, Glenbrook, Connecticut 

Gentlemen: 

Please send a copy of your recently revised Engineering Data File 

containing essential and technical information on Laminated 

Shims of LAMINUM—in aluminum, stainless steel, mild steel and 

brass. 


NAME | 


TITLE 


COMPANY 


ADDRESS 


STATE 
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LAM! NATE®O cOomMP any, INC: 
Glenbrook: Connecticut * Stamford DAvis 4-5721 
To Engineers and production Engineer® pe \P 
intereste? in Rockets and/or missiles 
when we read of avionics: of astronautice and of such miracles as 
noton propulsion: we're oyerwnel meds We even wonder if it isn't 

merely tne absence of human pilot that makes an aircraft a 

missile: Or rocket: 
prankly> we aon't gpout such 4nings» and you : || 
gnat's why We come to you with questiom: 

what we do know is that st takes jot of shims » jaminated 

7 tne jnaustry with Laminum snims jn all snapes 
component® and structure> may accurately assembled: 

within jimits of 2 snousandth» if 
saving ease and erriciency® : 

Now, nere'® our question* what about rocketS and missiles” (*) 

he = Dos pon't you consider aesis® jn the Light of precision” 4 

assembly” of ease jn assembly” of economy jn assembly? 

your answer is nyeS"> you will need all aeraired 

4 eng jneerin& facts you can get on the subject of Taminaved 

snims of r) 

So.. mere js your gnvitation to get tnese from 

»Shim Tne coupon pelow for your nonvensence 
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The uncoated high iniapatature alloy of 
this ramjet engine tailpipe failed during an es- 


pecially severe testing in 14.2 seconds. Metal 
temperature exceeded 2200°F. 


Coated with Rokide “‘A”’ on the forward por- 
tion only, an identical tailpipe was tested for 
18.3 seconds without failure. Maximum metal 
was 1800°F. 
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Norton ROKIDE* coating plays 


vital role in Supersonic missiles 


New, highly advanced ramjet engines designed and built by Marquardt Aircraft Company of Van Nuys, California, Sr super- 
sonic missiles use Norton Rokide “A” spray coatin 
the resistance of the tailpipe to excessive heat and a 


. The Rokide coating aids in assuring successful flight by greatly increasing 


rasion. 


ROKIDE “A” aluminum oxide coating is one of three Norton refractory 
spray coatings — including ROKIDE “zs” zirconium silicate and ROKIDE 
**z” stabilized zirconia — now being widely used in modern high tempera- 
ture applications. 

In reaction motors and in various AEC projects, for example, the high 
melting point and low thermal conductivity of ROKIDE “a” coating reduces 
the temperature of the underlying material and permits higher operation 
temperatures. [t is both thermally and electrically insulating, and its 
hardness, chemical inertness and stability in combustion temperature 
provide high resistance to excessive heat, abrasion, erosion and corrosion. 


ROKIDE “‘A”’ Coating vs. Stainless Steel 


While less dense than stainless steel, ROKIDE ‘‘A” coating is about five 
times as hard, has a considerably higher melting point and is very much 
lower in thermal conductivity and thermal expansion. ROKIDE coatings 
are applied in molten state with a metallizing type spray gun. Coatings 
may be applied to parts of all sizes and shapes accessible to the spray gun 
equipment. For further facts on ROKME coatings write to NORTON 
Company, New Products Department 724 New Bond Street, Worcester 6, 
Massachusetts. 

Facilities for applying ROKIDE coatings at Worcester, Mass. and 
Norton Company, 2555 Lafayette Street, Santa Clara, California. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


NORTON PRODUCTS: 
Abrasives Grinding Wheels 
Grinding Machines ¢ Refractories 


Coated Abrasives ¢ Sharpening Stones 
Behr-cat Tapes 


NEW PRODUCTS 


Gdlaking better products... to make your products better 
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The template you see above is being carefully shaped from blueprints by a 
Diversey master craftsman. When placed in position on a giant lathe a slender 
= Follower will trace along the outline of the template, controlling a cutting tool 
. which contour machines the turning component. 

Many templates are needed for most missile hardware components. The new 
tracer techniques and precision templates of Diversey Engineering make new mis- 
sile engineering designs feasible, which were thought impossible several years ago. 

At Diversey Engineering you have the largest facilities exclusively devoted to your 
Guided Missile and Rocket Hardware problems. Contact us on your precision jobs. 
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LEADERS IN CONTOUR MACHINING 


ENGINEERING COMPANY 


10257 FRANKLIN AVENUE + GLADSTONE 5-4737 
rete FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 
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Vanguard Telemeter. DAN/DKT-7 

_ (XN-2) is a 15-channel transmitter for 
use in medium and high altitude rockets. 
_ Sample rate is 312.5 per sec but 1250 per 


UNSHIELDED 
CELL 


ar sec can be achieved. Weighs 20 Ib, 
xX 83 X 11 & in. 


Primary 


power unit is required. James P. Spivey, 


Inc., 4908 Hampden Ave., Washington 
D.C. 
Spark Switching. Miniaturized elec- 


trical switching substation weighs 28 lb. 
Transfers 88 electrical circuits and 7 
signal circuits from ground test power to 
airborne power in 2.5 sec after launch. 
Cole Electric Co., 8439 Steller Drive, 
Culver City, Calif. 

Dynamotor. For missile and telem- 
etry installations, Model BD 1509D 
features power output of 10 w continuous 
or up to 25 w. Weighs 1 lb. Induction 
Motors Corp., 570 Main St., Westbury, 


4, AN. 


Radar Target Simulator. Will generate 
display of up to 6 targets at speeds up to 
10,000 nautical miles per hour on any 
standard radar indicator. Fairchild Cam- 
era & Instrument Corp., Robbins Lane, 
Syosset, L. I., N. Y. 


Tube X-Ray. Photographs up to 18,000 
subminiature tubes per day from three 
different angles. Raytheon Manufac- 
turing Co., Waltham, Mass. 


* 0.15 deg per hr. 


Atomic Battery. Dclivers power, nom- 
inal 20 microwatts, for at least 5 years. 
Walter Kidde Nuclear Laboratories, 975 
Stewart Ave., Garden City, L. L., N. Y. 


Accelerometers. Model DDL has 
ranges of +0.1 g to +8 g or up to +30 ¢ 
with reduced damping. Model GLH is 
aol. plated with a range of +0.1 to 

g. Genisco, Inc., 2233 Federal 
rang Los Angeles 64, Calif. 

Small TV Camera. Pocket-sized 
JTV-1 weighs less than 1 lb and measures 
13 xX 2% X 44 in. Uses F-19 lens. 
Needs only 10 ft-candles of light. Radio 
Corporation of America, 30 Rockefeller 
Plaza, New York 20, N. Y. 

Floated Gyro. Weighs 8 oz and is for 
short-time or “‘aided”’ automatic guidance 
systems. Model MIG is 1.75 in. diam 
and 2.5 in. long. Drift rate is about 
Spinmotor power is 2.5 


max. Minneapolis-Honeywell Regulator 


Co., Aeronautical Div. 
Boron Carbon Precistors. 


Ratings of 


Photographic Score Keeper 


Bell & Howell is manufacturing a new 
camera pod for the Navy that will be used 
in evaluating missile performance. Shown 
above with cover removed to permit re- 
moval and loading of its four 16-mm high 
speed motion picture cameras, the pod is 
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attached to the wing- or fin-tip of a target 
drone or missile, two pods to a target 
vehicle. Approaching missiles are always 
covered by at least two cameras. 

Data obtained from the film show mis- 
sile trajectory, speed, miss distances, etc. 


1S SIZE OF 
MAN'S SHIRT 
BUTTON 


1/--2 watts, 10 ohms—5 megohms. _Inter- 
national Resistance Co., 401 N. Broad St., 
Philadelphia 8, Pa. 

Missile Rate Gyro. Series RF03-0100 
has wheel and gimbal system and elimi- 
nates points, bearings or loose springs. 
Weight, 14 oz. Standard pot pickoff is 
5000 ohms. Ranges of +10°/sec to 
+800°/sec. Humphrey Inc., 2805 Canon 
St., San Diego 6, Calif. 

High-Temp Servo Components. Ranges 
of 250-400 F are possible with glass cloth, 
Teflon or silicone insulation. Black-body 
surface for maximum heat dissipation. 
Norden-Ketay Corp., Jericho Turnpike, 
Commack, L. L., N. 

Missile Intercom. For connecting mis- 
sile stations on a USAF range. Any op- 
erator can reach any station instantly. 
Connecticut Telephone & Electric Corp., 
Meriden, Conn. 

Chopper. Type 605 eliminates RC 
circuit. Both electrical and mechanical 
phase lags total 180 deg at 400 eps. 
Oak Mfg. Co., 1260 Clybourne Ave., 
Chicago, Ill. 

Missile Relay. Rotary-type 206W1 is 
DPDT and can withstand extremes in 
temperature, humidity and shock. Used 
at altitudes up to 80,000 ft; 1.55 in. 
long with 0.634 diam. Radio Corpora- 
tion of America, 30 Rockefeller Plaza, 
New York 20, N. Y. 

Linear Servo Accelerometer. Model 
4112 is designed for precise measurement 
or control of linear accelerations over a 
range of 0.25 cps. Resolves better than 
0.001 per cent. Input range from +0.1 
to +20 g. Donner Scientific Co., Con- 
cord, Calif. 


Mechanical 


Hi-Pressure Gage. For missiles and 


launchers. Can take 40 g, vibrations 
of 5000 cps. Multiple-turn Bourdon 
helix. Rochester Mfg. Co., Ine., of 


Calif., 89 Beacon Place, Pasadena, Calif, 

Test Stand. For dynamic balancing 
of large rotating elements such as rocket 
motors, rotating launchers, flywheels and 
turbos. Handles parts up to 5000-lb 
weight, 20,000-lb thrust, 36-in. diam, 
lenghts to 10 ft and rotation speeds of 
10,000 rpm. Aerophysics Development 
Corp., Box 689, Santa Barbara, Calif. 

Spraywelder. Model C-2 sprays alumi- 
num, zinc, copper, nickel, stainless steel, 
brass, lead or brazing alloys. Powdered 
metals are first sprayed onto surface and 
then bonded by lene flame. 
Wall Colmony Corp., 19345 John R St., 
Detroit 3, Mich. 

Y-Globe Valves. For lox or hydrogen 
service. Low pressure drop. Normal con- 
trol or cylinder operated. Pacific Valves 
Poe 3201 Walnut Ave., Long Beach 7, 

alif. 
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Shuttle Valves. Dead-tight sealing for 
normal and emergency control systems or 
preflight check of transducers and pressure 
switches on missiles and rockets; O-ring 
seals. James, Pond, and Clark, 4508 
Crenshaw Blvd., Los Angeles 43, Calif. 

Cutter. Cartridge-actuated, Aerocutter 
AGX-1800 quickly cuts mechanical parts, 
tubing or electrical cable. Aerojet- 
General Corp., Azusa, Calif. 

Cutters. Solid propellant powered, 
Model 106 Riser Cutter severs parachutes. 
Model 104 Reefer Cutter severs nylon 
cords. Propellex Chemical Corp., 227 
Oakley Place, East Alton, IIl. 

Delay Cutter. Reefing Line Cutter has 
time delay control of 0-10 sec. Cartridge 
type. Rocket Catapult. Standard tube 
ejector is combined with small rocket 
located inside catapult tube. Thrust con- 
tinues after separation. Taleo Engineer- 
ing Co., Hamden, Conn. 


Test 


Pressure Pickup. Dry strain gage ele- 
ment is isolated from pressurized fluid. 
For differential use in rockets, turbines, 
ete. Differentials of +0.5 psi to +1000 
psi at line pressures up to 2000 psi. Dy- 
namic Instrument Co., Ine., Cambridge, 
Mass. 


Oscillograph. Direct writing, 8-chan- 


nel model features high speeds. Uses 
ink, electric or heat sensitive paper. 
Offner Electronics, Inc., 5320 N. Kedzie 


Ave., Chicago 25, IIl. 


Lansing-type loud- 
speakers generate 151 db noise in range 
of 50-10,000 cps through an opening 


Noise Simulator. 


8 X 8 in. Kittell-Lacy, Inc., 10816 FE. 
Fawcett Ave., El Monte, Calif. 

Data Systems. Mach 0.5-1.5 and 
1.5-5.0 wind tunnels at United Aircraft 
Corp., East Hartford, Conn., use analog- 
to-digital conversion techniques for han- 
dling test data. System features strain 
gage pickups, Bristél potentiometers, 
Giannini encoders, and an IBM Sum- 
mary Card Punch. Card punch is fed 
at the rate of 100 cards per minute. 
Bristol Co., Waterbury, Conn. 

Cine-Interval Camera. Automax 35- 
mm has cine speed of 16 fps, interval up to 
10 fps. Operational at 15 g, 80,000 ft, 
—70 to 150 F. Traid Corp., 17136 Ven- 
tura Blvd., Encino, Calif. 

Corrosion Tester. Transistor-type_ is 


shock-proof; 9-lb portable Corro-Dex 
model measures corrosion as low as 
0.000001 in. Labline Inc., 3070-82 W. 


Grand, Chicago 22, IIl. 


Engineering Co., 440 S ville Ave., 
Somerville 43, Mass. 
Stress Analysis. Photostress system 


uses actual full-size unit made of vir- 
tually any material. Transparent plas- 
tic bonded to part is qualitative and 
quantitative. Budd Co., 2450 Hunting 
Park Ave., Philadelphia 32, Pa. 

Level Indicator. For liquid metals, 
sensitive to l-mm changes in height. 
Present circuit calls for nonmagnetic 
wall materials but can be modified for 
use with magnetic materials. Nuclear 
Development Corp. of America, 5 New 
St., White Plains, N. Y. 

Liquid Level Switch. Utilizes radio- 
active material in sensing element for 
control of fuel level in missiles. Response 
time is 1449 sec and accuracy is +0.1 in 
Unit weighs 7 oz. Aeronautical Div., 
Robertshaw-Fulton Controls Co., Santa 
Ana Freeway at Euclid Ave., Anaheim, 
Calif. 


Materials 


Glass Dispersions. Metal working 
lubrication is provided by glass in iso- 
propyl aleohol. No. 239 fuses at 1100 F, 


No. 240 at 1300 F. Acheson Colloids 
Co., Port Huron, Mich. 
Reinforced Plastic. No. 6610 is fire, 


corrosion resistant plastic Fiberglas. Hav- 
eg Industries, Inc., 900 Greenbank Rd., 
Wilmington 8, Del. 

Tubular Stainless. Alloy 17-7 PH is 
precipitation hardened and is neha at 
elevated temperatures for structures. 
Tensile is 200,000 psi. Supplied in an- 
nealed form. Carpenter Steel Co., Alloy 
Tube Div., Union, N. J. 

Teflon Tapes. Cementable, glass cloth 
reinforced and unsupported in widths 
from 4 to 12 in. and thicknesses from 
2 to 60 mil. Continental-Diamond Fibre 
Corp., Newark, 

Borazon. Cubic boron nitride scratches 
diamond yet remains hard at tempera- 
tures where diamond oxidizes (1600 F). 
Can withstand temperatures over 3500 
F. Specific, gravity is 3.45. General 
Electric Co.; Schenectady, N. Y. 

Rare Earths. Pure oxides, salts are 
available. Oxides include: —lutetium, 
gadolinium, samarium, thulium, dyspro- 
sium and europium. Jarrell-Ash Co., 26 
Farwell St., Newton 60, Mass. 

Propellant Catalyst. Burning rate ac- 
celerator for ammonium perchlorate com- 
posites, double-base solids is based on 
amino ethyl! cellulose perchlorate. Wyan- 
dotte Chemies ils Corp., Wyandotte, Mich. 


> 
X-Ray Inspection. Van de Graff 
accelerator is 1.0 million volts. High Processes 
Mass. Pianta Cold flowing of metals 


Transistor Furnace. Electric-type BTU 
Transheat models will maintain alloying, 
brazing and soldering of semiconductors to 
within +0.25 per cent of full scale. BTU 
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into tubular forms can produce nozzles, 
flares, tapers and other difficult designs. 
Claude C. Slate Co., 1733 Flower St., 
Glendale 1, Calif. 


Nitrogen Generators. Nitroneal 
tem produces oxygen-free nitrogen from 
ammonia and air at a cost lower than 
cylinder nitrogen. Platinum catalyst has 
indefinite life. Produces 50—10,000 cu ft 
per hour. Power is 110 v ac. Baker’s 
Instrument Co., 207 Grant Ave., East 
Newark, N. J. 

Unitized Gas Generators. Horsepower 
outputs range from 0.01 to 150 and output 
pressures from 15 to 25,000 psi. As an 
energy source, the systems have high 
energy /storage ratios with reliability ap- 
proaching 100 per cent. McCormick 
Selph Associates, 62 Hollister Airport, 
Hollister, Calif. 

Hydroforming. New company uses 
process which combines precision in deep 
drawing and low tool costs. Handles 
metals from 0.005-54 in. from blanks up 
to 23-in. diam. Metal blank is wrapped 
around male punch to produce desired 
part from most metals. Hydroforming 
Co. of America, 7400 W. Lawrence Ave, 


Chicago, Ill. 


Plastic Rocket. [xperimental asbes- 
tos-filled phenolic resin can be produced 
within a 24-hr period. Satisfactory per- 
formance is claimed in the 8000—10,000 


F range. Haveg Industries, Inc., 900 
Greenbank Rd., Wilmington 8, Del. 


Product Literature 

Low Temperature Apparatus. New 16- 

page catalog describes lox and nitrogen 

transportation and storage units, Dewar 

flasks, etc. Hofman Laboratories, 221 
EKmmet St., Newark 5, N. J. 

Cold Forging. Brochure features proc- 

ess for super alloys, steel and aluminum. 


Impact Products, Box 7, Orangeville, 
Ohio. 

Combustion Testing. Bulletin 138 
illustrates line of manometers, velocity 


meters, CO and CO, indicators. General 
Scientific Equipment Co., 7516 Limekiln 
Pike, Philadelphia 50, Pa. 

Chromizing. Reprint gives technical 
data on chromium diffusion into surface of 
steel parts for corrosion and wear resist- 
ance. Chromaloy 450 Tarrytown 
Rd., White Plains, N. Y. 


Electronics. Brochure outlines missile 
system testers, mobile training units for 
missile systems and other electronic sys- 
tems. Toledo Electronics Div., Kaiser 
Aircraft & Electronics Corp., Box 437, 
Toledo 1, Ohio. 
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Aircraft reaction propulsion units and in- 
stallations with means to produce reverse 
thrust (2,780,058). R.D. Beale, D. H. J. 
Manningham and B. C. J. Stevenson, 
Allestree, England, assignors to Rolls- 
Royce, Ltd. 

An auxiliary ducting near the exhaust 
port is inclined forward where it opens to 
atmosphere, allowing the gas flow to pro- 
duce a braking effect when a valve is oper- 
ated to divert the flow. 


- direction control device (2,780,059). 
illy A. Fiedler, Oxnard, Calif. 

The leading edge of a control means is 
disposed within an annular cavity formed 
adjacent to the discharge end which opens 
toward the rear of the body. The cavity 
has a curved surface for reversing the gas 
flow during operation of the control. 


Jet engine burner construction (2,780,- 
062). Hillard E. Barrett and Wm. F. 
Payne, Cedar Grove; N. J., assignors to 
Curtiss-Wright Corp. 

* Combustible mixture flows over both 
sidewalls of an open-sided channel in the 
combustion chamber. The channel ex- 
tends from (and opens into) the pilot 
burner tube. 


Convertible aircraft with jet-driven rotor 
(2,780,423). Herbert A. De Cenzo, Ar- 
cadia, Calif. 

Blade mounting includes a lower tubular 

section carried by the fuselage, telescoping 
into the upper section carrying the rotor. 
Propulsion unit on the blade has a control 
part and a flap shiftable on the blade. 
Turning of the rotor causes oscillation of 
the flap. 
Airplane for vertical take-off in horizontal 
attitude (2,780,424). Nathan C. Price, 
Hollywood, Calif., assignor to Lockheed 
Aircraft Corp. 

Ducted compressor-ramjet units at the 
wing tips, and a propulsive nozzle with a 
variable area exit. Units may be pivoted 
between positions where their nozzles face 
aft and downwardly. 

Variable configuration jet inlet (2,780,- 
913). Oran W. Nicks, Inglewood, Calif., 
assignor to North American Aviation. 

Leading lip of an air inlet cowl is con- 
tinuously varied in shape from a sharp 
edge at high speed flight to a curved edge 
at low speeds. When the lip is sharp 
edged, it provides low drag and good pres- 
sure recovery at high speeds; when round 
edged, it provides smooth fluid flow with 
no separation. 


Apparatus for mounting solid propellant 
grains in a rocket motor (2,781,633). Wm. 
L. Rogers and Robert L. Noland, Duarte, 
Calif., assignors to Aerojet-General Corp. 

Firing chamber with front, intermediate 
and rear traps mounted on longitudinal 
rods supporting solid propellant grains. 
Adjacent traps are clamped against the 
respective ends of grains by members 
threaded on the rods. 


Compressor flow control means (2,781,- 
634). Vincent Moore, Glen Rock, N. J., 
assignor to Curtiss-Wright Corp. 

Gas turbine with a duct communicating 
with the compressor to bleed off air into 
the surrounding atmosphere. The duct 
discharge area may be varied so that air 
bleed is maximum when the duct nozzle is 
fully open; when closed, all compressor air 
contributing to thrust is supplied to the 
combustion chamber. 
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Low emissivity coatings for metal surfaces 
(2,781,636). E. A. Brandes and R. B. 
Waterhouse, Windsor, England, assignors 
to Fulmer Research Institute, Ltd. 

Coatings applied to the internal surface 
of a gas turbine flame tube for reduction 
of heat transference. First coat is vitreous 
enamel, and the second a coating prepared 
from a refractory material of fused silica, 
stabilized zirconia, alumina, mineral cor- 
dierite magnesia and ceria, prepared in the 
form of milled particles, with a binder and 
a wetting agent added. 

Explosion initiating device (2,779,284). 
Ernest M. Kane, Oxnard, Calif. 

Device for selectively exploding a sub- 
stance within a chamber. Openings in a 
body member communicating with the 
chamber are sealed by diaphragms. 
Safety means prevent rupture of one 
diaphragm which is adapted to rupture at 
a lower pressure than the other di- 
aphragms. 

Propellant powder and process for mak- 
ing same (2,779,288). Joseph Cohen and 
Eli D. Besser, China Lake, Calif. 

Process comprises immersing a nitro- 

cellulose-containing powder grain in a 2:1 
water-ethanol solution containing 10 per 
cent (by weight) of ammonium sulfide, 
rinsing the grain, and immersing it in 
glycerin for one to two hours. 
Gas turbine engine with hydraulic thrust 
balancing (2,779,531). John B. Wheatley, 
Indianapolis, Ind., assignor to General 
Motors Corp. 

An expandable chamber with relatively 

moving parts is coupled to the rotor and 
stator for transmission of thrust axially of 
the motor. Rotation of the rotor de- 
velops an end thrust to reduce the load on 
the thrust bearing. 
Control system for afterburner gas turbine 
engine (2,780,054). Richard J. Coar and 
Wm. H. Brown, Manchester, Conn., as- 
signors to United Aircraft Corp. 

Ignition means responsive to fuel pres- 
sure being supplied to an afterburner. A 
variable area nozzle on the afterburner is 
controlled to prevent the ignition opera- 
tion. 

Igniter control for engines (2,780,055). 
Carlton W. Bristol, Glastonbury, Conn., 
assignor to United Aircraft Corp. 

A piston actuated directly by the fuel 

supplied to an afterburner closes a valve 
controlling the flow of additional fuel into 
the engine. 
Jet-nozzle arrangement with outlet-area 
varying means (2,780,056). R.H. Colley, 
England, assignor to ‘Rolls-Royce, 
std. 

Even-numbered set of nozzles extending 
axially with the jet pipe and pivoted to the 
pipe at their upstream edges. Operation 
of bevel gears connected to each inter- 
mediate nozzle causes a nut to travel along 
a screw to pivot the nozzle. 

Locks for jet thrust reversers (2,780,057). 
Harry Stavert, Seattle, Wash., assignor to 
Boeing Airplane Co. 

Jet deflector flap swingable outward and 
rearwardly from a retracted into a pro- 
jected position transverse to the jet stream 
and to the relative airstream. A self- 


lock holds the flap in its limit position. 
Helicopter blades and thrust augmenters 
therefor (2,782,861). 
Lent, New York, N. Y. 
Rocket engines attached to the outer 


Constantin Paul 


George F. McLaughlin, Contributor 


tips of blades mounted in a rotating arma- 
ture. Thrust is varied by longitudinal 
movement of a central core within the ex- 
haust nozzle of each engine. 

Aircraft engine installation (2,783,003). 
Wm. P. Ralston and Richard F. Boehme, 
Los Angeles, Calif., assignors to Lockheed 
Aircraft Corp. 

Doors mounted at the rear of the fuse- 
lage, and hinged along the top, may be 
opened for the reception or withdrawal of a 
jet engine. Tracks inside the body, and 
rollers mounted on the sides of the engine, 
allow the engine to be moved in or out of 
the fuselage. 

Aircraft launching and landing device 
(2,783,005). Ernest M. Kane, Oxnard, 
Calif. 

Ground vehicle with a cradle for sup- 
porting an aircraft. A curved deflector 
on the body of the cradle directs air flow 
upward against the underside of the air- 
craft as the cradle is moved along a track 
at a speed equal to that of the airplane in 
landing or take-off attitude 
Acoustical boundary layer control for 
aerodynamic bodies (2,783,008). Albert 
G. Bodine, Jr., Van Nuys, Calif. 

Control of the shock front in a layer of 
air adjacent to an external surface of an 
aerodynamic body at sonic speed. A 
sound wave attenuator in the body has a 
portion extending to the outer surface and 
connecting with the air layer. The 
shock front contains acoustic components 
of frequencies determined by the aerody- 
namic characteristics of the body. 
Propellant composition (2,783,138). John 
W. Parsons, Pasadena, Calif., assignor to 
Aerojet-General Corp. 

Composition consists of about 50 per 
cent ammonium perchlorate, with a ther- 
moplastic mixture comprising about 50 

er cent trinitrotoluene, 25 per cent SAE 
No. 10 oil, and 25 per cent asphalt. 


Rocket projectile with stabilizer fins 
(2,784,669). Robert A. Wallisellen and 
Wilhelm Niederer, Horgen, Switzerland, 
assignors to Machine Tool Works Oerli- 
kon, Administration Co. 

Gear pinions and a toothed crown, when 

rotated by expansion of a helical spring 
after launching, rotate pivots arranged 
parallel to the projectile axis and simul- 
taneously unfold fins fixed for rotation on 
each side. 
Electrical navigation apparatus (2,784,- 
908). John W. Gray, Wm. D. Green, 
Jr., and David Sayre, Boston, Mass., 
assignors to the War Department. 

Voltage in an aircraft producing angu- 
lar displacement proportional to air 
speed. Voltage is resplved into N-S and 
E-W voltage components. Voltage corre- 
sponding to an assumed wind component is 
added to the corresponding coordinate 
component voltage. The magnitude of the 
correcting voltage may be controlled in 
accordance with time m Rie from a given 
starting time. 
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Airplane [design] (179,762). Robert L. 
Cox, Jr., Robert L. Hart, Charles J. Koch 
and John D. Pierson, Glenarm, Md., 
assignors to The Glenn L. Martin Co. 

This design patent, applied for in 1955, 

covers the configuration known as the 
XP6M-1 “Sea Master’ 4-jet engined 
mine layer flying boat. 
Variable-incidence sweptback wing for 
aircraft (2,783,956). R. A. Harriss, 
Wharton, England, assignor to The Brit- 
ish Electric Co. 

Lifting surface for supersonic aircraft. 
A trunnion attached to the wing has a 
sweptback pivot axis passing in plan view 
between the extreme centroid of pressure 
positions encountered at different Mach 
numbers, altitudes and angles of inci- 
dence, and through the root section ad- 
jacent its maximum thickness. Con- 
trols permit adjustment of the surface 
about the pivot. 

Target for projectiles (2,784,000). Luther 
G. Simjian, Greenwich, Conn., assignor 
to the Reflectone Corp. 

Spaced strips parallel to each other so 
as to present a barrier to a missile, and 
tuned to vibrate at characteristic fre- 
quencies. Strips are arranged in a pre- 
determined pattern whereby the reproduc- 
tion of a frequency denotes the position of 
impact of the missile. A frequency dis- 
criminator connected to a microphone pro- 
duces a signal whose amplitude is propor- 
tional to the frequency received. 

Parts for machinery (2,783,966). Emil 
Sorensen, Augsburg, Germany, assignor to 
Machienfabrik Augsburg-Nurnberg A.G. 

Vane, for use in hot gas turbines, formed 

entirely of ceramic material. The blade 
is resistant to high temperatures and to 
wide variations of temperature. The 
root, of a different ceramic, has greater 
mechanical strength and stability than the 
blade. 
Ceramic machine parts (2,783,967). H. E. 
Scharf, R. W. Schmucker and W. Richter, 
Augsburg, Germany, assignors to Ma- 
chienfabrik Augsburg-Nurnberg A.G. 

Turbine blade of fired ceramic. The 
vane and root are mounted in a metal 
rotor having a surface layer of glaze on 
the root part only. A second surface 
layer of glaze, of less thickness than the 
first, effects gradual diminution of glaze 
thickness, the coefficient of thermal 
expansion of glaze being less than that of 
the ceramic material. 

Vortical flow gas turbine with centrifugal 
fuel injection (2,784,551). Henning 
Karlby and Martin Lessen, Bellefonte, 
Pa., assignors one-sixth to Orin |! 
Raphael and one-sixth to George E. Zil- 
the 


liac. 

Fuel is injected centrifugally into 
combustion chamber to mix with com- 
roe gases from the compressor. Com- 

ustion gases move through the chamber 
in a vortical pattern about the axis of the 
rotor, giving rotational movement to the 
turbine as it passes through. 


May 1957 


FOR THE FINEST JOB OPPORTUNITIES 
IN THE GUIDED MISSILE FIELD! 


Yes, it’s a fact. At Bendix Guided Mis- 
siles you’ll enjoy living in an attractive 
community convenient to metropolitan 
areas and recreational centers, with ex- 
periencing job opportunities unrivalled 
in the guided missile industry. 

As prime contractor for the vitally 
important Talos Missile, Bendix en- 
gineers are engaged in the widest pos- 
sible range of missile work and enjoy 
unusual advancement opportunities. 

There is-no question about it—guided 
missile engineering is definitely the 
newest and most modern business, and, 
logically, the best future for engineers 
is working with a prime contractor on 
one of the nation’s most important 
missile projects. 

So that you may investigate thoroughly 
the many advantages of becoming a 
Bendix Guided Missile engineer, we 


Bendix Products Division—Missiles 
413 N, Bendix Drive, South Bend, Indiana 


Gentlemen: | would like more information concerning opportunities in guided 
missiles. Please send me the booklet “Your Future In Guided Missiles”. 


have prepared a thirty-six-page booklet 
giving the detailed story of the function 
of the various engineering groups, such _ 


as ram-jet propulsion and hydraulics, 
guidance, telemetering, steering intel- 


ligence, component evaluation, missile 
testing, environmental testing, test equip- 
ment design, system analysis, reliability, 
and other important engineering opera- 
tions. 

If you’d like to combine the advan- 
tages of living in the Middle West and 
an unparalleled chance for professional 
growth with one of the world’s foremost 
missile builders, just mail the coupon — 
today for your copy of the booklet _ 
“Your Future in Guided Missiles”’. 


— prime contractor 
for the TALOS MISSILES 
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Jet Propulsion Engines 


Effect on Mach Number on Over-All 
Performance of Single Stage Axial Flow 
Compressor Designed for High Pressure 
Ratio, by Charles H. Voit, Donald C. 
Guentert and James F. Dugan, NACA RM 
E50D26, July 1950, 19 pp. (Declassified 
from Confidential by authority of NACA 
Res. Abstracts 109, Nov. 20, 1956). 

Some Aspects of Turbojet Performance 
Calculation at High Flight Mach Numbers, 
by J. R. Palmer, Aircraft Engng., vol. 
XXVIII, Nov. 1956, p. 376. 


The Supercharged - and - Intercooled 
Free-Piston-and-Turbine Compound En- 
_—— gime—A Cycle Analysis, by A. L. London, 


Trans. ASME, vol. 
1764. 


Supersonic Flight: 


78, Nov. 1956, pp. 


1757- 


ae 


Propulsion, by A. 


oF) V. Cleaver, J. Roy. Aeron. Soc., vol. 60, 
a ¢ Nov. 1956, pp. 705-711. 


Rocket Propulsion Engines 


f° Dynamic Stability of Rockets Power- 

me plants Using Liquid Propellants, by 

‘a Rudolf H. Reichel, Aero Digest, vol. 73, 
ds no. 5, Nov. 1956, pp. 20-32. 


Development of a Reinforced Plastic 
Head for Jato, 3.5-DS-5700, X220 (Dea- 
con), by P.R. Morgan and C. R. Gottschall, 
Part I of a series of reports on Research 
and Development of Reinforced Plastic 
Components, Allegany Ballistics Lab., 
Hercules Powder Co., Cumberland, Mary- 
— April 1956, 44 pp. (Report ABL/X- 
12). 

New Rocket Fabrication Method, 
Missiles and Rockets, vol. 1, no. 2, Nov. 
1956, p. 59. 

_ British Liquid Rocket Valves, Missiles 
sige and Rockets, vol. 1, no. 2, Nov. 1956, p. 60. 
_ ss NACA Boosts Rocket Research, Missiles 
_ and Rockets, vol. 1, no. 2, Nov. 1956, pp. 82, 


Heat Transfer and 


Fluid Flow 


* A Correlation between the Dynamic 
eS. Properties of a Pair of Impinging Streams 
_ and the Uniformity of Mixture Ratio Dis- 
tribution in the Resulting Spray, by Jack 
H. Rupe, California Institute Tech., Jet 


Propulsion Lab., Progress Rep. 20-209, 
gat March 1956, 14 pp. 

i> A Theory for Stability and Buzz Pulsa- 
on fe tion Amplitude in Ram Jets and Ex- 


perimental Investigation Including Scale 
Effects, by Robert L. NACA 
ee Report 1265, 1956, 24 pp. 
i Comparison of Pressure-Loss Char- 
p acteristics of Several Tail-Cone Air-Induc- 
tion Systems for Air-Cooled Gas-Turbine 
Rotors, by Gordon T. Smith and Arthur N. 
Curren, NACA RM E52K07, Jan. 1953, 
52 pp. (Declassified from Confidential by 
of NACA Res. Abstracts 109, 
Nov. 2, 1956, p. 8.) 

Use of Mean-Section Boundary-Layer 
Parameters in Predicting Three-Dimen- 
ni aa sional Turbine Stator Losses, by Warner 


Trimpi, 


niet _L. Stewart, Warren J. Whitney and Robert 
(aay Y. Wong, NACA RM E55L12a, March 
1956, 21 pp. from Confi- 


Mie ae M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


dential by authority of NACA Res. 
Abstracts 109, Nov. 20, 1956, p. 9.) 

Aspects of Internal-Flow-System De- 
sign for Helicopter Propulsive Units, by 
John R. Henry, NACA RM L54F29, Sept. 

1954, 24 pp. (Declassified from Confidential 
by authority of NACA Res. Abstracts 109, 
Nov. 20, 1956, p. 14.) 

Generalized Thermodynamical Excess 
Functions for Gases and Liquids, I], by J. 
O. Hirschfelder, R. J. Buehler, H. A. Mc- 
Gee, Jr., and J. R. Sulton, Wisconsin 
University, Naval Res. Lab., Tech. Rep. 
WIS-00R-16, Nov. 1956, 19 pp. 

The Thermodynamics of Cooled Tur- 
bines, by W. R. Hawthorne, 7'rans. ASME, 
vol. 78, Nov. 1956, Part I, p. 1765, Part 
II, pp. 1781-1786. 

Effect of Turbine-Blade Cooling on 
Efficiency of a Simple Gas-Turbine Power 
Plant, by W. M. Robsenow, Trans. 
ASME, vol. 78, Nov. 1956, pp. 1787-1794. 

Analysis of the Effect of Blade Cooling 
on Gas-Turbine Performance, by J. C. 
Burke, B. L. Buteau and W. M. Robsenow, 
Trans. ASME, vol. 78, Nov. 1956, pp. 
1795-1806. 

Shock Waves in Chemical Kinetics: 
Further Studies on the Rate of Dissocia- 
tion of Molecular Iodine, by Doyle Britton, 
Norman Davidson, William Oehman and 
Garry Schott, J. Chem. Physics, vol. 25, 
Nov. 1956, pp. 804-809. 

Shock Waves in Chemical Kinetics, 
Rate of Dissociation of Molecular Bromine, 
by Doyle Britton and Norman Davidson, 
J. Chem Physics, vol. 25, Nov. 1956, pp. 
810-813. 

One-Dimensional Inviscid Flow Through 
a Rocket Nozzle, by R. P. Rastogi and T. 
P. Pandya, J. Chem. Physics, vol. 25, Nov. 
1956, pp. 1009-1012. 

Laminar Jet Mixing of Two Compressi- 
ble Fluids with Heat Release, by S. I. Pai, 
J. Aeron. Sciences, vol. 23, Nov. 1956, 
pp. 1012-1018. 

A Review of Heat Transfer Data on the 
Evaporation of Liquids at Subatmospheric 
Pressures, by T. D. Patten, Royal Aircraft 
Estab. (Great Brit.), Apr. 1956, 22 pp. 
(Tech. Note ME. 216). 

Heat Transfer from Combustion Prod- 
ucts by Forced Convection, by E. G. 
Jackson and J. K. Kilham, Jndustrial 
Engng. Chem., vol. 48, Nov. 1956, pp. 
2077-2079. 


Combustion 


Growth of Disturbances in a Flame- 
Generated Shear Region, by Perry L. 
Blackshear, Jr.. NACA TN 3830, Nov. 
1956, 148 pp. 

Solution of Laminar Flame Problems by 
Use of the Analog Computer, by James 
Broadwell and John R. Sellers, Wright Air 
Dev. Center Tech Rep. 56-290 (ASTIA AD 
110477), June 1956, 33 pp. 

Flow Disturbances Induced Near a 
Slightly Wavy Contact Surface, or Flame 
Front, Traversed by a Shock Wave, by G. 
H. Markstein, Project Squid Tech. Rep. 


CAL-70-P (ASTIA AD 108765), Oct. 
1956, 4 pp. (available only on micro- 
card). 


Rocket Fuzes for Armed 


tion, by J. I. Bujes, NAVORD Rep. 5:312 
(NOTS 1548), Sept. 1956, 12 pp. 

Gaseous Detonations, IX, A Study of the 
Reaction Zone by Gas Density Measure- 
ments, by G. B. Kistiakowsky and P. H. 
Kydd, J. Chem. Physics, vol. 25, Nov. 
1956, pp. 824-835. 

Turbulent Burning Velocities of Natural 
Gas-Air Flames with Pipe-Flow Tur- 
bulence, by J. Kenneth Richmand, Joseh 
M. Singer and others, Bureau of Mines, 
Dept. of the Interior, Pittsburgh, Penn., 
April 30, 1956, 28 pp. (Tech Rep. 1205; 
Tech. Note AFOSR-TN 56-238). 

Theoretical Studies on the Thermal 
Decomposition of Nitric Oxide in a Shock 
Tube, by Sterge T. Demetriades aiid 
Henry Aroeste, Daniel and Florence 
Guggenheim Jet Propulsion Center, Ca/i- 
fornia Inst. of Tech., Pasadena, Calif 
June 1956, 39 pp. (1 ech. Rep. 3, Tech. 
Note AFOSR-TN-56-335). 

Research on the Combustion of a Mixed 
Hydrocarbon, by Jean Rappeneau, France, 
Ministere de l’ Air, Publications Sci., 10. 
318, 1956, 90 pp. (in French). 

A Relation between Burning Velocity 
and Quenching Distance, by A. E. Potter, 
Jr., and A. L. Beriad, NACA TN 3882, 
Nov. 1956, 19 pp. 

Preliminary Evaluation of a Rotating 
Flame Stabilizer as a Means of Achieving 
Higher Heat Release Rates Per Unit of 
Combustion Chamber Volume, by John II. 
Grover, Michael G. Kesler and Arch ©. 
Scurlock, Project Squid Tech. Rep. ARC-2- 
P, Oct. 1956, 23 pp. (available only on 
microcard). 

Flame Stabilization in Volatile Fuel 
Sprays, by H. C. Hottel, Charles P. Marion 
and W. P. Jensen, Project Squid Tech. 
Rep. MIT-12-P, June 1956, 48 pp. (avail- 
able only on microcard). 

Flame Stabilization in a Boundary Layer, 
by Hoyt C. Hottel, Tau-Yi Toong and 
John J. Martin, Project Squid Tech. Rep. 
MIT-13-P, Oct. 1956, 14 pp. (available 
only on microcard). 


A Relaxation Time Model for Free 
Radical Concentration, by J. Calvin 
Giddings, Project Squid Tech. Rep. W1S-4- 
P, Aug. 1956, 18 pp. (available only on 
microcard ). 

Photographic Studies of Preignition 
Environment and Flame Initiation in 
Turboject-Engine Combustors, by David 
M. Straight and J. Dean Gernon, NACA 
RM E52111, Feb. 1953, 40 pp. ( Declassified 
by authority of NACA Res. Abstracts 108, 
Nov. 2, 1956, p. 13.) 

Stability Limits and Burning Velocities 
of Laminar Hydrogen-Air Flames at Re- 
duced Pressure, by Burton Fine, NACA 
TN 3833, Nov. 1956, 29 pp. 


Fuels, Propellants and 
Materials 


Theoretical Performance of Mixtures of 
Liquid Ammonia and Hydrazine as Fuel 
with Liquid Fluorine as Oxidant for Rocket 
Engines, by Sanford Gordon and Vearl N. 
Huff, NACA RM E53F08, July 1953, 43 
pp. (Declassified by authority of NACA 


Res. Abstracts 107, Oct. 9, 1956, p. 13.) 
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ON 


WEAPONS 
al 
MISSILE FEASIBILITY STUDIES 


Research Organization needs men for weapons evalua- 
tion and missile feasibility studies. Experience in one 
or more of the following fields required: _ statistics, 
physics and possibly game theory. Individuals must 
| be imaginative, creative and original in dealing with 
concepts. 


These positions offer opportunity to work on a wide 
variety of problems which encompass all forms of air 
and ground warfare. Work in small project group and 
an intimate environment of diversified scientific talents. 


If you are interested in employment in a long estab- 
lished research organization in the metropolitan area 


offering cultural and educational advantages and access 
to a university campus, please send us your resume. | 
Please send replies to: 


E. P. Bloch 


ARMOUR RESEARCH FOUNDATION 
of 

Institute of Technology 

10 West 35th Street 

Chicago, Illinois 4 


“MONOBALL”’ 


Self-Aligning Bearings 


PLAIN TYPES 
ExT. 
INT. 
PATENTED U.S.A. 
All World Rights Reserved 


FERTSTICS 


ANALYSIS 


1 Stainless Steel 
Ball and Race 


RECOMMENDED USE 


For types operating under high temper- 
ature (800-1200 degrees F.). 


For types operating under high radial 
ultimate loads (3000-893,000 Ibs.). 


3 Bronze Race and { For types operating under normal loads 
Chrome Moly Steel Ball ( with minimum friction requirements. 


2 Chrome Alloy 
Steel Ball and Race 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Dept. JP-57. 


SOUTHWEST PRODUCTS CO. 


MOUNTAIN AVE., MONROVIA, CALIFORNIA 


May 1957 


for remote control... 


solenoids” 


*Mfd. under license from 
G. H. LELAND, INC. 


. SUPPLIED 
ALONE... 


. WITH 
SWITCH 
SECTIONS... 


AS 
COMPLETE 
SUBASSEMBLIES.. 


MT273E BASE“FOR 
BENDIX RADIO DIV. 


Oak rotary solenoids carry a rating of + 10 
G’s and meet the most severe MIL specifica- 
tions. Three standard sizes cover a wide 
range of remote control applications from 
switching to light mechanical tasks. Oak en- 
gineers can work out modifications, also, for 
a multitude of special uses. From the simple 
to the complex, Oak will engineer and manu- 
facture your exact requirements. Write for 
Oak’s technical bulletin on rotary solenoids 
which includes timesaving layout sheets. 


SWITCHES 
ROTARY SOLENOIDS 
CHOPPERS 
SPECIAL ASSEMBLIES 
TUNERS 
VIBRATORS 


MFG. CO. 
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“BRISTOL remote 
positioning 10 
system has 
inherent 
fail-safety 


The new Bristol Model 702 
Remote Positioning System consists 
basically of a transmitter, amplifier, 
and receiver available in an ex- 
tremely large number of variations 
representing the biggest selection of 
components and options available in 


TYPICAL 
TRANSMITTER 


any such system. The key features : 
High basic reliability is built into 
the Bristol Remote Positioning Sys- 
tem through : 

iL ont use of premium quality 


2. The Phe liberal application of safety 
factors in dlectri ical and me- 
chanical design 

8. The avoidance of critical value 

uirements (to reduce aging 
oti drift failures ) 

4. Complete and 
quality control testing. 

Inherent fail-safety: While the Bris- 
tol Remote Positioning System is as 
reliable as it is possible to make it, 
in addition, it is designed for fail- 
safe operation to give you the surest, 
safest positioning system available. 
In the event of breaking, short cir- 
cuiting, grounding, or any combina- 
tion of these in the wires connecting 
the major components, or in the 
event of any statistically reasonable 
failure or combination of failures of 
any parts in the amplifier, the sys- 
tem will either continue to give a 
satisfactory degree of control, or the 
output shaft will remain in position. 
This fail-safety is built-in—not produced by auxiliary devices. 
Accuracy is independent of load. 

Operates from rotary or linear input; provides rotary or linear _ 
output. Any combination of input and output types can be used. 
Power supply options—Amplifier and receiver power supplies _ oa 
need not be identical. Amplifier requires a single power supply ae 
—400 cps—low power drain—15 va. Receiver may operate on ee5 8 
practically any available supply—a-c or d-c. 
Wide variety of options—includes manual and transducer trans- eee ‘ ; 
control—and remote position indication—are only a few of the 
available options. 

Write for complete data. The Bristol Company, 175 roa 

Road, Waterbury 20, Conn. : 


IT’S IDEAL 


for airborne applications 
like power plant control, 
secondary flight-control 
surfaces, propeller pitch 
control, valve operation, 
and nose-wheel steering, 
and also for ground uses 
like engine test cell con- 
trols and remote manipu- 
lation of apparatus in ra- 
dioactive locations. 


BRISTOL. FINE PRECISION INSTRUMENTS = 
FOR OVER 68 YEARS 


Mollier Charts for the Products of Com- 
bustion of Ammonia and Nitric Acid, by I. 
Forsten, Naval Air Rocket Test Sta., Rep. 
NARTS 83, April 1956, 12 pp. 

Normal Propyl Nitrate Storage Test, by 
Norman J. Vanderhyde, AF Flight Test 
Center, Edwards AFB, 7N AFFTC-TN- 
56-12, Feb. 1956, 40 pp. 

Thermal Stability of Gas Turbine Fuels, 
by Y. G. Hendrickson and J. T. Guerin, 
Calif. Res. Corp., Summary Rep., July |, 
1955 to March 31, 1956, 50 pp. 

Analytical Procedures for 1,1-Dimethy!- 
hydrazine, by William R. McBride and 
Howard W. Kruse, Naval Ordnance Test 
Sta., Rep. NOTS 14751 NAVORD Rep. 
5263, May 23, 1956, 20 pp. 

Problems and Promises of Free Radical 
Fuels, Missiles and Rockets, vol. 1, Dec. 
1956, p. 94. 

Ignition Delays and Fluid Properties of 
Several Fuels and Nitric Acid Oxidants in 
Temperature Range from 70° to —105°F, 
by Riley O. Miller, NACA TN 3884 
Dec. 1956, 32 pp. 

Mechanism and Kinetics of the Reaction 
Between Fuming Nitric Acid and/or Its 
Decomposition Products and Gaseous 
Hydrocarbons, Franklin Inst., Labs. fo 
Res. and Dev., Quart. Prog. Rep. Q-2452-7. 
July 1 to Sept. 30, 1956, 21 pp. 

Storage and Handling of Unsym- 
Dimethylhydrazine, Westavco Chlor-Alkal' 
Div. Food Machinery and Chem. Corp. 
2nd edit., 16 pp. 

Decomposition of Hydrocarbons, b\ 

Berger and H. R. Appell, Ind 
Engng. Chem., vol. 48, Sept. 1956, Part 
I, pp. 1566-1575. 

Thermal Conductivity of Fluids. Nitro- 
= Dioxide in the Liquid Phase, by G. N 

ichter and B. H. Sage, Project Squid 
Tech. Rep. CIT-1-P (ASTIA AD 104498) 
July 1956, 27 pp. (available only on 
microcard). 

Methods of Analyzing Polysulfide Per- 
chlorate Propellants, by Charles Ribando, 
Picatinny Arsenal Samuel Feltman Am- 
munition Labs. Tech. Rep. 2334, Sept. 
1956, 21 pp. 

Electric Strength of Saturated Hydro- 
carbon Gases, by J. C. Devins and R. W. 
Crowe, J. Chem. Physics, vol. 25, Nov. 
1956, pp. 1053-1058. 

Polytechnic Inst. Brooklyn, March 1956, 
59 pp. (Tech. Note WADC-TN-56-40). 

Development of Iron-Chromium-Man- 
ganese Alloys for High-Temperature 
Applications—Phased 1, Fe-Cr-Mn-N-C 
Alloys, ye C. Hsiao and E. J. Culis, 
Crucible Steel Co. of America, Pittsburgh, 
Penn., Quarterly Progress Report no. 2, 
April-June 1956, July 1, 1956, 37 pp. 

The Development of a Protective Coat- 
ing Resistant to Nitric Acid and Hydro- 
carbons, by D. F. Siddall, H. L. Cahn and 
others, Report on Finishes and Materials 
Preservation, U. S. Stoneward Co., Akron, 

Ohio, Feb. 1956, 93 pp. (Tech. Rep. 
WADC-TR-54-527). 

Contribution to the Study of Combustion 
of Pyridine Bases, by Jean Ploquin, 
France, Ministere de l' Air, Publications 
Sci. et Techn., Notes Tech. no. 62, 1956, 21 
pp. (in French only). 


Theoretical Performance of Some 
Rocket Propellants Containing Nitrogen 
and Oxygen, by Riley O. Miller and Paul 
M. Ordin, NACA RM E8A3, May 1948, 
53 pp. (Declassified by authority of 
NACA Res. Abstracts 97, Feb. 24, 1956, 
p. 5 

Effect of Fuel Volatility Characteristics 
on Ignition-Energy Requirements in a 
Turbojet Combustor, by Hampton H. 
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Foster and David M. Straigh, NACA RM 
£52J21, Jan. 1953, 32 pp. (Declassified 
by authority of NACA Res. Abstracts 108, 
Nov. 2, 1956, p. 13.) 

A Generalized Equation of State for 
Both Gases and Liquids, I, by J. O. Hirsch- 
felder, R. J. Buehler, H. A. McGee, Jr., 
and J. R. Sutton, Wisconsin, University, 
Naval Res. Lab., Tech. Rep. WIS-OOR-15, 
Oct. 1956, 67 pp. 

Rocket Engine Propellants, Missiles and 
Rockets, vol. 1, no. 2, Nov. 1956, following 


p. 134. 

Mineral Oils as High Temperature 
Fluids and Lubricants, by E. Erwin Klaus 
and Merrell R. Fenske, U. S. Air Force, 
Wright Air Dev. Center, USAF WADC TR 
56-254, A D-97184, Oct. 1951—Dec. 1955; 
issued Aug. 1956, 32 pp. 

Kinetic Study of the Thermal Decom- 
position of Ozone, Ph.D. Dissertation by 
William T. Sutphen, Stanford Univ., 
May 1955, 115 pp. 

A Preliminary Evaluation of Current 
Stability Tests with an Estimation of 
Safe Life of Propellants, by Charles 
Lenchitz and Normal Beach, Picatinny 
Arsenal, Samuel Feltman Ammunition 
Labs. T R 2348, Sept. 1956, 41 pp. 

Combustion of Elemental Boron, Quar- 
terly Summary Report for June through 
August, 1956, Experiment Inc. Tech. Mem. 
861, Sept. 1956, 9 pp. 

Theoretical Maximum Performance of 
Liquid Fluorine-Liquid Oxygen Mix- 
tures with JP-4 Fuel as Rocket Propellants, 
by Sanford Gordon and Roger L. Wilkins, 
NACA RM ¥E54H09, Oct. 1956, 18 pp. 
(Declassified from Confidential by author- 
ity of NACA Research Abstracts 107, 
Oct. 5, 1956 p. 14). 


Theoretical Performance of Liquid 
Hydrazine and Liquid Fluorine as a Rocket 
Propellant, by Sanford Gordon and 
Vearl N. Huff, NACA RM E53E12, July 
1953, 83 pp. (Declassified from Con- 
fidential by NACA Research Abstracts 
107, Oct 5, 1956, p. 13). 

Theoretical Performance of Liquid 

onia, Hydrazine and Mixture of 
Liquid Ammonia and Hydrazine as Fuels 
with Liquid Oxygen Bifluoride as Oxidant 
for Rocket Engines, I, Mixture of Liquid 
Ammonia and Hydrazine, by Vearl N. 
Huff and Sanford Gordon, NACA RM 
E51L11, Feb. 1952, 24 pp. (Declassified 
from Confidential, NACA Res. Abstracts 
107, Oct. 5, 1956, p. 12.) 

Theoretical Performance of Liquid 
Ammonia, Hydrazine and Mixture of 
Liquid Ammonia and Hydrazine as Fuels 
with Liquid Oxygen Bifluoride as Oxidant 
for Rocket Engines, II, Hydrazine, by 
Vearl N. Huff and Sanford Gordon, 
NACA RM ¥52G09, Sept. 1952, 20 pp. 
(Declassified from Confidential, NACA 
Res. Abstracts 107, Oct. 5, 1956, p. 12.) 

Theoretical Performance of Liquid 
Ammonia, Hydrazine and Mixture of 
Liquid Ammonia and Hydrazine as Fuels 
with Liquid Oxygen Bifluoride as Oxidant 
for Rocket Engines, III, Liquid Ammonia, 
by Vearl N. Huff and Sanford Gordon, 
NACA RM ¥E52H14, Oct. 1952, 15 pp 
(Declassified from Confidential, NACA 
Res. Abstracts 107, p. 12.) 


Theoretical Performance of Liquid 
Hydrogen and Liquid Fluorine as a Rocket 
Propellant, by Sanford Gordon and Vearl 
N. Huff, NACA RM E5211, Feb. 1952, 
28 pp. (Declassified from Confidential, 
NACA Res. Abstracts 107, Oct. 5, 1956, 
p. 13.) 

Theoretical Performance of Liquid Am- 
monia and Liquid Fluorine as a Rocket 
Propellant, by Sanford Gordon and Vearl 
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“TRANSISTORIZED 
SULSE RATE CONVERTE 


There isn’t enough space in this full size 
utline to describe the stability, accuracy 
nd reliability of the new Waugh Fre- 
vency-to-Voltage Converters. Please 
quest Bulletin 103 for further details 
" regarding direct indication or telemeter- 


FR-300 Series 
= PULSE RATE CONVERTER 


... another progressive development in Fluid Flow 
Measuring Equipment by Waugh Engineering Company, 
manufacturers of Turbine Flowmeters and associated 
instrumentation. 


Representatives in Principal Cities 


ENGINEERING COMPANY 
FLUID FLOW MEASURING EQUIPMENT 


7842 BURNET AVENUE, VAN NUYS, CALIFORNIA—STanley 3-1055 


DATA PROCESSING SPECIALISTS! 


Get in now —at the beginning 


ped: of the new era in missiles! ee 
When you join Telecomputing’s ATTRACTIVE SALARIES 
Engineering Services Division, PROFIT SHARING vy 


you will be given full scope to 
allow you to grow. ..your talents 
RELOCATION PAY 


will be used to the fullest... Syiealb HE 
recognition and rewards will be ACCREDITED EDUCATION = 
yours as a matter of course. GROUP INSURANCE re 


Not only is Engineering Serv- 
ices a member of an integrated ; a 
corporation which designs and FABULOUS “LAND OF ENCHANTMENT 
manufactures its own data- 
processing equipment, but it is 
responsible for most of data 
reduction of the integrated 
Holloman-White Sands range 
flight testing of all types of mis- 
siles including the newest devel- 
opments in the field. 


MOUNTAIN SKIING AND DESERT 
RESORTS WITHIN 30 MINUTES! _ 


A WONDERFUL PLACE 
TO MAKE YOUR HOME — 
GRAND COUNTRY TO RAISE KIDS| 


Send resume to Director of Technical Personnel 


TELECOMPUTING CORPORATION 
Engineering Services Division 
BOX 447 * HOLLOMAN AIR FORCE BASE * NEW MEXICO 
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tial, 


RM E51CO1, May 1951, 22 pp. 


N. Huff, NACA RM E53A26, March 
1953, 25 p (Declassified from Confiden- 

ACA Res. Abstracts 107, Oct. 5, 
1956, p. 13.) 

Theoretical Performance of Lithium and 
Fluorine as a Rocket aad by San- 
ford Gordon and Vearl N. Huff, NACA 
(Declassi- 
fied from Confi ential, NACA Res. Ab- 


- stracts 107, Oct. 5, 1956, p. 11.) 


Theoretical Performance of Diborane 


asa Rocket Fuel, by Vearl N. Huff, Clyde 


_ §. Calvert, and Virginia C. 


Mines Rep. 
July 1956, 199 pp. 


1955- July 31, 1956, Chicago Univ., 


Erdmann, 
NACA RM ES8li7a, Jan. 1949, 31 
(Declassified from Confidential, NACA 


Res. Abstracts 107, Oct. 5, 1956, p. 11.) 


Use of Closed Bomb Data for Assess- 
ment of 60mm Mortar Increment Pro- 
pellant, by Lester Shulman, Picatinny 
Arsenal, Samuel Feltman Ammunition 
Labs. Tech. Rep. 2350, Oct. 1956, 27 pp. 

Properties of Gaseous and Liquid 
Mixtures, by Walter K. Tang, Wisconsin 
University Naval Res. Lab. Tech. Rep. 


 WIS-OOR-13, Aug. 1956, 200 pp. 


Fundamental Flashback, Blowoff and 


Yellow Tip Limits of Fuel Gas Air Mix- 


tures, by Joseph Grumer, Margaret E. 
Harris, and Valeria R. Rowe, Bureau of 
of Investigations No. 5225, 


Hydrides and Borohydrides of Light 


Weight Elements and Related Compounds. 


Annual Tech. Rep. for the Period August 1, 

46 pp. 
How Metallurgy Problems Were Solved 

in the J47-11, Aviation Age, vol. 26, Oct. 


1956, p. 40. 


vol. 52, Sept. 1956, p 


 Stands., 


Thermal Diffusion in Hydrogen + 
Boron Trifluoride Mixtures, by C. J. G. 
Raw and E. Kyle, Trans. Faraday Soc., 
pp. 1216-1218. 

The Electrical Conductivity of Liquid 
and Solid Nitrogen Dioxide, by R. S. 
Bradley, Trans. Faraday Soc., vol. 52, 


Sept. 1956, pp. 1255-1259. 


Thermal Expansion of Polytetrafluoro- 
ethylene (Teflon) from — 190° to +300°C, 
by Richard K. Kirby, J. Res. Nat. Bur. 
vol. 57, Aug. 1956, pp. 91-94. 

A Method of Calculating the Perform- 
ance of Liquid Propellant Systems Con- 
taining the Species C, H, O, N, F, and 
One Other Halogen with Tables of 
Required Thermochemical Properties to 
6000°F, by J. S. Martinez and G. W. 
Elverum, Jr., Calif. Inst. Tech. Jet Pro- 
pulsion Lab., Mem. 20-121, Dec. 1955, 
87 pp. 

Fluorine Propellant Study, Quarterly 
Progress Report for Period Ending Aug. 
31, 1956, by North Amer. Aviation Inc., 
Rocketdyne Div., Rep. R-334-1, Sept. 1956, 


4 pp. 


Chemistry of Boron Hydrides and Re- 
lated Hydrides, by R. W. Parry, R. C. 
Taylor, T. C. Bissot, D. H. Cam bell, 
A. E. Emery, P.R. Girardot, G. Kodama, 
_D.R. Schultz, S. G. Shore, and J. T. Yoke 
III, Wright Air Dev. Center, TR 56-318 
(ASTIA A D 97233), Aug. 1956, 174 pp. 

Some New Materials for Missile and 
_ Power-Plant Applications, by A. V. Levy, 
Aircraft Engng., vol. 28, Oct. 1956, pp. 
357-360. 

Effect of Additives on Jet Fuel Stability 


and Filterability, by A. C. Nixon and H. B. 
Minor, Ind. Engng. Chem., vol. 48, Oct. 


1956, pp. 1909-1916. 


Physical Properties of Titanium, II, 
The Hall Coefficient and Resistivity, by 
Georgiana W. Scovil, J. Appl. Phys., 
_ vol. 27, Oct. 1956, pp. 1196-1198. 

On the Kinetic Energy of Molecular 
Electrons in Compressed Gases, by Anson 
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Solem and Laurens Janse, J. Chem. Phys., 
vol. 25, Oct. 1956, pp. 686-692. 

Application of Cell Theory to Liquid 
Hydrocarbons, by Robert Simha and 
Stuart T. Hadden, J. Chem. Phys., vol. 
25, Oct. 1956, pp. 702-709. 


Instrumentation and 
Experimental Techniques 


The Use of Piezo Gages in Closed Bomb 
Tests of Solid Propellants, by Arthur S. 
Rubin and August G. Edwards, Picatinny 
Arsenal, Samuel Feltman Ammun. Lab., 
T R 2367, Dec. 1956, 39 pp. 

Compact, High Capacity Data Recording 
System, by Engelbert Kirchner, Aviation 
Age, vol. 26, Dec. 1956, Sect. A, pp. 64-69. 

A Dynamic Head Probe for Evaluating 
the Properties of Free Liquid Jets, by Jack 
H. Rupe, Calif. Inst. Tech., Jet Propulsion 
Lab., Prog. Rep. 20-299, May 1956, 14 pp. 

Evaluation of an Image Converter as a 
High Speed Camera Shutter, by David R. 
Margetts and Allen E. Wolfe, Calif. Inst. 
Tech., Jet Propulsion Lab., Mem. 20-131, 
1956, 24 pp. 


Terrestrial Flight, Vehicle 
Design 


The Surface-to-Surface Missile, Today 
and Yesterday, by F. I. Ordway, /nteravia, 
vol. 11, Dec. 1956, pp. 974-977. 

Missile Design, the State of the Art, by 
Pater J. Farmer, Flight, vol. 70, Dec. 7, 
1956, pp. 885-889. 

Missile Testing, Flight, vol. 70, Dec. 7, 
1956, pp. 890-892. 

Guided Missiles, 1956, Flight, vol. 70 
Dec. 7, 1956, pp. 893-910. 

Guided Missiles and Piloted Aircraft 
Are Technically Alike. by D. L. Putt, 
Aviation Age, vol. 26, Dec. 1956, Sect. A, 
pp. 20-25. 

Stationary Trajectories for a High-Alti- 
tude Rocket With Drop-Away Booster, by 
G. Leitmann, Astron. Acta, vol. 2, no. 3, 
1956, pp. 119-124. 

A Calculus of Variations Solution of 
Goddard’s Problem, by G. Leitmann, 
Astron. Acta, vol. 2, no. 2, 1956, pp. 55-62. 

On the Calculation of a Powered Flight 
of a Long Range Rocket 5g by an 
Automatic Pilot, by J. M. J. Kooy, Astron. 

Acta, vol. 1, no. 4. 1956, pp. 191- 198. 

A Siaseitancous Analytical Integration 
of the Equations of Motion of a Winged 
Vehicle in meanest Gliding Flight, by 
H. J. Kaeppeler, Astron. Acta, vol. 1, no. 
4, 1956, pp. 166- 170 (in German). 

Army Missiles of Tomorrow, Missiles 
and Rockets, vol. 1, Nov. 1956, pp. 34-35. 

Army’s Role in Guided Missiles, by H. 
N. Toftoy, Missiles and Rockets, vol. 1, 
Nov. 1956, pp. 36-39. 

Army’s Missile Arsenal Today, by 
Patrick W. Powers, Missiles and Rockets, 
vol. 1, Nov. 1956, pp. 40-42 

Prelude to the ICBM, Missiles and 
Rockets, vol. 1, Nov. 1956, p. 43. 

Key to Survival: Missile Research and 
Development, by B. A. Schriever, Missiles 
and Rockets, vol. 1, Dec. 1956, pp. 55-57. 

Comprehensive Testing Speeds Missile 
Development, by L. I. Davis, Missiles 
and Rockets, vol. 1, Dec. 1956, pp. 61-63. 

Missile Roles and Missions, Missiles 
and Rockets, vol. 1, Dec. 1956, pp. 70-71. 


Space Flight, Astrophysics, 
Aerophysics 


Our Century Will See the Birth of 
Astronautics, by G. A. Crocco, Interavia, 
vol. 11, Dec. 1956, pp. 948-949. 

The IGY Rocket and the Satellite Pro- 
gram, by J. Kaplan, /nteravia, vol. 11, 
Dec. 1956, pp. 953-955. 

The Artificial Earth Satellite—Past, 
Present and Future, by S. F. Singer, 
Interavia, vol. 11, Dec. 1956, pp. 956-959 

Instrumental Satellites and Instrumental 
Comets, by K. A. Ehricke, Interaria, vol. 
11, Dec. 1956, pp. 960-962. 

An Airborne Method of Launching 
Satellites, by A. C. Robotti, Jnteravia, vo. 
11, Dec. 1956, pp. 970-972. 

Can Man Reach Distant Celestial 
Bodies? by J. Ackeret, Jnteravia, vol. | 
Dec. 1956, pp. 989-991. 

Space Travel and Future Research Into 
the Structure of the Universe, by J. M. 
Kooy, J. Brit. Interplan. Soe., vol. 15, 
Sept.-Oct. 1956, pp. 248-259. 

A New Approach to Space Flight, by 
William O. Davis, Missiles and Rockel., 
vol. 1, Dec. 1956, pp. 64-66. 

Navigation in Interplanetary Space, by 
Petes Castruccio, Missiles and Rockets, vo. 
1, Dee. 1956, pp. 98-99, 101. 

Optimal Transfer Between Circular 
Orbits —— Two Planets, by D. F. 
Lawden, Astron. Acta, vol. 1, No. 2, 1955, 
pp. 89- 100. 

Protection of Humans from Heavy 
Nuclei of Cosmic Radiation in Regions 
Outside the Atmosphere, by H. J. Schaefer, 
Astron. Acta, vol. 1, no. 2, 1955, pp. 100 
109. 

Artificial Satellite, Unification and Me- 
chanics (Sidar-Mechanics), by A. Boni, 
Astron. Acta, vol. 1, no. 3, 1955, pp. 120 
136. 

On the Descent of Winged Orbital 
Vehicles, by K. A. Ehricke, Astron. Acta, 
vol. 1, no. 3, 1955, pp. 137-155. 

Studies of a Minimum Orbital Un- 
manned Satellite of the Earth (MOUSE). 
Part I. Geophysical and Astrophysical 
Applications. Part Il. Orbits and Life- 
times of Minimum Satellites, by S. F. 
Singer, Astron. Acta, vol. 1, no. 4, 1955, 
pp. 171-184: vol. 2, no. 3, 1956, pp. 125 
144. 

Optimum Launching of a Rocket Into 
the Orbit About the Earth, by D. F. Law- 
den, Astron Acta, vol. 1, no. 4, 1955, pp. 
185-190. 

A Suggested Organization of — 
Flight Sciences, by D. C. Romick, Astron. 
Acta, vol. 1, no. 4, 1955, pp. 199- 208. 

Aero-Thermodynamics of Descending 
Orbital Vehicles, by K. A. hricke, Astron. 
Acta, vol. 2, no. 1, 1956, pp. 1-19. 

Some Considerations in Regard to the 
Physiology of Space Flight, by F. A. 
Hitchcock, Astron. Acta, vol. 2, no. 1, 1956, 
pp. 20-29. 

Relativistic Rocket Mechanics, by H.G 
L. Krause, Astron. Acta, vol. 2, no. 1, 
1956, pp. 30-47 (in German). 

Relativistic Time Dilitation of an Artificial 
Satellite, by F. Winterberg, Astron. Acta, 
vol. 2, no. 1, 1956, pp. 25-29 (in German). 

The Satelloid, by K. A. Ehricke, Astron. 
Acta, vol. 2, no. 2, 1956, pp. 63-100. 

The Visibility of an Earth Satellite, by 
R. Tousey, Astron. Acta, vol. 2, no. 2, 
1956, pp. 101-112. 


The U. S. Satellite Vehicle Program, by 
F. L. Ordway III, Astron. Acta, vol. 2, no. 


3, 1956, pp. 115-118. 
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Solar Cosmic Rays of February 1956 and 
Their Propagation Through Interplanetary 
Space, by P. Meyer, E. N. Parker, and 
J. A. Simpson, Phys. Rev., vol. 104, Nov. 
1956, pp. 768-783. 

Satellite Launching from an F-102, by 
A. C. Robotti, Missiles and Rockets, vol. 1, 
Nov. 1956, pp. 54-56, 58. 

International Geophysical Year Earth 
Satellite Vehicle Program, Missiles and 
Rockets, vol. 1, Nov. 1956, pp. 120-121. 

Satellites, by Jorgen Jensen, Aeron. 
Engng. Rev., vol. 15, Sept. 1956, pp. 44- 
47. 


A New Theory of the Formation of the 
F2 Layer, by T. Yonezawa, J. Radio Res. 
Labs. Tokyo, Japan, vol. 3, Jan. 1956, pp. 

The Structure of the F2 Layer as 
Deduced from its Daily Variations, by 
T. Shimazaki, J. Radio Res. Labs., 
Tokyo, Japan, vol. 3, Jan. 1956, pp. 17 
43 


Measurements of the Amplitude Prob- 
ability Distribution of Atmospheric 
Noises, by H. Yuhara, T. Ishida, and M. 
Higashimura, J. Radio Res. Labs., 
Tokyo, Japan. vol. 3, Jan. 1956, pp. 101- 
108. 

Propagation of Electro-Magnetic Waves 
over the Spherical Earth Across Bound- 
aries Separating Different Earth Media, 
by, K. Furutsu, J. Radio Res. Labs., 
Tokyo, Japan, vol. 2, Oct. 1955, pp. 
345-398. 

Movement of Irregularities in the E 
Region (II), by T. Obayashi, J. Radio Res. 
Labs., Tokyo, Japan, vol. 2, Oct. 1955, 
pp. 413-417. 

What the Future Holds for the Earth 
Satellite, by R. P. Havilland, Gen. Elec- 
tric Rev., vol. 59, Sept. 1956, pp. 10-16. 


Space Navigation Challenges Engineers, 
by Peter A. Castruccio, Aviation Week, 
vol. 65, Sept, 3, 1956, pp. 82-99. 

The IGY Earth Satellite Program, by 
Hugh Odishaw, J. Instrum. Soc. Amer., 
vol. 3, Sept. 1956, pp. 298-301. 

_ Astronautical Physiology, by A. EF. 
Slater, Aeroplane, vol. 91, Oct. 1956, pp. 
522-523. 


Perturbations of a Satellite’s Orbit 
Due to the Earth’s Oblateness, by Leon 
Blitzer, Morris Weisfeld, and Albert D. 
Whellon, J. Appl. Phys., vol. 27, Oct. 
1956, pp. 1141-1149. 

We Can Build a Moon Rocket Now, by 
Kurt R. Stehling and Richard Foster, 
Missiles and Rockets, vol. 1, Oct. 1956, 
pp. 58-60, 62, 64. 

One-Stage Rocket for Space, Aviation 
Week, vol. 65, Oct. 1956, p. 34. 

Navigation by Satellites, by Lovell 
Lawrence, Jr., Missiles and Rockets, vol. 1, 
Oct. 1956, pp. 48-52. 

Tracking the IGY Satellites, by Henry 
P. Steier, Missiles and Rockets, vol. 1, 
Oct. 1956, pp. 76-78, 80. 

Application of an Artificial Satellite to 
the Measurement of the General Rela- 
tivistic ‘‘Red Shift,’’ by S. F. Singer, 
Phys. Rev., vol. 104, Oct. 1, 1956, pp. 11- 
14. 


Building the First Satellite, Missiles 
and Rockets, vol. 1, Oct. 1956, pp. 68-70. 

One Orbit out of Twelve ‘Good”’ 
Satellite Average, Martin Says, by James 
Dailey, Aviation Week, vol. 65, Oct. 
1956, pp. 30-31. 

The Black Sheep System of Forecasting 
Winds for Long-Range Jet Aircraft, 
Air Weather Service, Washington, D. C., 
March 1956, 48 pp. (Tech. Rep. 105-139). 
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Ford Instrument Company’s new Missile Development 
Division is expanding because of increased activity on 
guidance and control work for major ballistic missiles such 
as the Redstone and Jupiter. 

Are you interested in the opportunities this could bring 
you — and the increased responsibilities? To those engi- 
neers who feel they can measure up to the high standards 
of our engineering staff and who wish to do research, 
development and design work in the expanding new field 
of missile engineering, write or phone Allen Schwab for 
an appointment or further information. 
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CALI DYN E 


gue 


177 SHAKER SYSTEMS 


LBS. 
FORCE OUTPUT 


LBS. 
LOAD AT10G 


upto 


upto 


The Model 177 is one of a new 
series of “‘wide-band”’ shakers designed 


for higher frequency operation and lower 
input requirements. It is the Basic Unit for five 


completely integrated CALIDYNE Vibration Test 


Systems. Oscillatory linear forces up to 5000 lbs. are generated 

and precisely controlled over wide ranges for vibration research and test 
of products up to 411 Ibs. maximum load. Any of these five Vibration Test 
Systems using this New Model CALIDYNE 177 Shaker will enable you to: 


1. Discover effects of ‘brute force’? shaking on your assemblies and de- 
termine their ability to withstand vibrations far beyond those of 
normal operation. 

2. Provide factual vibration data essential in determining mode shape, 
frequency and damping characteristics. 

3. Determine results of fatigue testing at extremely high stresses and 


deflections. 

CALIDYNE VIBRATION TEST SYSTEMS USING NEW MODEL 177 SHAKER 
System Type of Force Power Frequency Maximum Load 
Number Vibration Output Supply Range 10 g. 20 g. 

177/80 Sinusoidal | 3500 Ibs.| Electronic} 5-2500 cps. | 261 Ibs. 86 Ibs. 

177/180 | Sinusoidal | 5000 Ibs.| Rotary 5-2000 cps. | 411 Ibs. | 161 Ibs. 

177/186 | Sinusoidal | 5000 Ibs./| Electronic! 5-2500 cps. | 411 Ibs. 161 Ibs. 
Random or 

4| 177/190 | Sinusoidal} | 5000 Ibs.| Electronic] 5-2500 cps. | 411 Ibs. | 161 Ibs. 

5| 177/190 | Randomt 5000 Ibs./ Electronic} 5-2500 cps. | 411 Ibs. 161 Ibs. 


{This system will perform with Random, Sinusoidal, Tape or Mixed Inputs. 


A separate Bulletin 17700 details the specifications, performance data, basic 
components and accessories of the new Model 177 CALIDYNE Shaker and 
its five Shaker Systems. For engineering counsel in applying Controlled 
Vibration to your research and testing, call us here at ro 

Winchester (Boston) 6-3810. 
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COMPANY 


Pittsburgh, Po. (Fremont 1-1231) 
Detroit, Michigan (Broodwoy 3-5399) 


Gerald 8. 8. Miller Co. 


120 CROSS STREET, WINCHESTER, 


SALES REPRESENTATIVES 


New 


Calif. (Hollywood 2-1195) 


Jeden, lnc San Diego, com. 2 1121) 
Belmont, Calif. 
gal Washington, D. C. (Oliver 2-4406) alt. (Lytel CANADA 
Ridgewood, N. J. (Gilbert Specialized Gqvigment Corp. 
John A. Green Co. Amprior, Ont. (Phone 
Syosset, ely Cocos Beach, Fla. (Cocos Beach 3328) 1.3266) Burlington, Ont. (Nelson 4-5686) 
Hugh Mersiond ond Co. Houston, Texas Jackson 6-2959) EXPORT 
Company Chicago, (Ambassador 2-1555) Tulse, (Riverside 2-4657) International Corp. 
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by Ales Hydrogen as a Rocket Propellant, 
Alexis Pastuhov and C. Lincoln ewett, 
Digest, vol. 73, Sept. 1956, pp. 39, 


The Selection of Materials for High- 
Temperature Applications in Aircraft Gag 
Turbines, Battelle Mem. Inst. Titanium 
Metallurgical Lab., TML Report No. 50 
Aug. 17, 1956, 30 pp. 

Erosion Protection for Aircraft Compo- 
nents, by J. R. Cuthilland W. N. Harrison, 
Wright Air Dev. Center, WADC TR 56 
130, April 1956, 50 pp. 

Corrosion Studies in Fuming Nitric 
Acid, by Edson H. Phelps, Frederick §, 
Lee, and Raymond B. Robinson, Wright 
Air Dev. Center, WA DC TR 55-109, June 
1953-April 1954; issued Oct. 1955, 40 pp. 

Turbine Disks for Jet Propulsion Units, 
Part 3, Blade Root Fixing of Turbine 
Disks for Jet Engine Units, by A. E. John- 
son, Aircraft Engng., vol. 28, Oct. 1956, 
pp. 348-356. 

Physical Properties of JP-4 Fuels and 
Development of Equations for Predicting 
Fuel System Performance under Two- 
Phase Flow Conditions, by J. Kelly 
Gladden, Mario J. Golia, and Henderson 
C. Ward, U. S. Air Force Wright Air De». 
Center, USAF WADC TR 55-422, Part 
2, Nov. 1955, 170 pp. 

What’s Ahead in the Field of Jet Fuels, 
by Aubrey Keif, Amer. Aviation, vol. 20, 
Oct. 1956, pp. 46-48. 


Atomic Energy 


The Application of a Fast Neutron 
Atomic Reactor to an Unconventional 
Mach 3 Ramjet, by Stanley Owen Smith, 
1956 First Award Papers, I.A.S. Student 
Branch Paper Competition, New York, 
Institute of the Aeronautical Sciences 
1956, pp. 77-96. 

Series of Lectures on Physics of Ionized 
Gases (California University, Los Alamos 
Scientific Laboratory), Atomic Energy 
Commission, Rep. LA-2055, March 1955- 


| 


June 1956, 1 vol. 

Papers Presented at the Technical 
Briefing Session Held at Idaho Falls, 
Idaho, Nov. 1-2, 1955 (Boiling Water 
Reactor Program and Fast Reactor Pro- 
gram), Alomic Energy Commission, TID- 
7506, Part 1, June 1956, 221 pp. 

The Physics of Nuclear Reactors, Brit. 
J. Appl. Phys., Supp., no. 5, July 3-6, 
1956, 112 pp. 

The Application of Nuclear Energy to 
Ramjet Propulsion, by H. J. Kaeppeler, 
Astron. Acta, vol. 2, no. 1, 1956, pp. 48-52 
(in German). 

Stationary Nuclear Reactions in Rockets 
by E. Sanger, Astron. Acta, vol. 1, no. 2, 
1955, pp. 61-88 (in German). 


On the Possibility of Producing Thermo- 
nuclear Reactions in a Gas Discharge, by 
J. V. Kurchatov, Moscow, 1956 (Russian, 
pp. 1-20; English, pp. 21-36). 

The Possibility of Producing Thermo- 
nuclear Reactions in a Gas Discharge, by 
I. V. Kurchatov, Soviet J. Atomic Energy, 
vol. 1, no. 3, 1956, pp. 359-366 (in Eng- 
lish). 

What Are Physical Problems of a Con- 
trolled Thermonuclear Reactor? me Melvin 
B. Gottlieb, Indust. Labs., vol. 7, Nov. 
1956, pp. 68-69. 

Controlled Fusion Research—an Ap- 
plication of the Physics of High Tempera- 
ture Plasmas, by Richard F. Post, Revs. 
Modern Phys., vol. 28, July 1956, pp. 338- 
362. 

Power Sources for S 
S. F. Singer, Missiles a 
Dec. 1956, pp. 82-84. 


ce Flight, by 
Rockets, vol. 1, 
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all industrial torques to + 


It isn’t necessary to measure the exact amount of torque in order 
to wring out a dishcloth. But in industry, it’s often vital that the 
exact amount of torque on a shaft be known. 


You can use Baldwin SR-4 Torquemeters to measure a few inch- 
ounces or thousands of foot-pounds, and with consistent accuracy 
to within +144%. They convert torsion changes directly into changes 
in electrical energy, measure torque independently of speed, and 
take no power from the drive shaft. A wide variety of instruments 
can be used with SR-4 Torquemeters, ranging from millivoltmeter 
and battery to a computing instrument reading horsepower directly. 


Baldwin SR-4 Torquemeters offer unlimited application oppor- 
tunities. Present uses include torque measurement of viscosity, 
in engine dynamometers, for pump testing, in propeller drive shafts 
and helicopter rotor assemblies, and hundreds of other applications 
in design and production testing. 


Whatever your torque measurement problem, a B-L-H representative 
is ready to serve you. For more complete information on SR-4 
Torquemeters, write today for your free copy of Bulletin 4308. 


With SR-4° Torquemeters, you can measure and control 


accuracy 


The Type A SR-4 Torquemeter i is a self-contained unit with 
housing and brush ded on a shaft by 
ball bearings. It employs SR- 4 Bonded Wire Strain Gages 
in a Wheatstone bridge circuit. Baldwin torquemeters 
have been built for shafts from Y% in. diameter to 18 in.; for 
zero rpm to 35,000 rpm; and from 10 in.-oz. capacity 
to 4,200,000 in.-lb. 


BALDWIN - LIMA: HAMILTON 
EBlectronics & Instrumentation Division 


Waltham, Mass. 


SR-4® strain gages * Transducers Testing machines 
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AEROJET-GENERAL CORPORATION........... 
D’ Arcy Advertising Company, St. Louis, Mo. 
APPLIED Puysics LABORATORY................... 
THE J OHNS Hopkins UNIVERSITY 
t Ver dig, Inc., Washington, D.C. 
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ARMA, — AMERICAN Bosco ARMA CoRPORA- 
Shai & Shea, Inz., New York, N. Y. 
Arma, Division or AMERICAN Boscu ARMA 
Doyle, Kitchen & McCormick, Inc., New York, N. 
ARMOUR RESEARCH FOUNDATION................-. 611 
Avco MANUFACTURING CORPORATION. ...........- 547 
ResEarcH & ADVANCED DIVISION 
Benton & Bowles, Inc., New York, N. 
& 
INSTRUMENTATION DIVISION..............--- 
Gray & Rogers Advertising, Philadelphia, Pa. 
Beckman & Wurt ey, 
Sturges & Associates, San Carlos, Calif. 
AVIATION CoRPORATION, BENDIX PRODUCTS 
DIvIsION 
Gumep MIssILE SECTION..................-. 
MacManus, John & Adams, Inc, Bloomfield Hills, Mich. 
BorInG AIRPLANE COMPANY... 501 
Calkins & Holden, Inc., New York, N. Y. 


James Thomas Chirurg Company, New York, N. Y. 

B. K. Davis and Bro., Philadelphia, Pa. 

Meissner & Company, Inc., Boston, Mass. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY................ 492 


Frank Barrett Cole Advertising, Pasadena, Calif. 
Tue CaRBORUNDUM 551 
G. M. Basford Company, New York, N. Y. 


Buchanan & Company, Inc., Los Angeles, Calif. 

Coast MANUFACTURING AND SUPPLY COMPANY..... 550 
L. C. Cole Company, Inc., San Francisco, Calif. 

Francis C. Charles Advertising, Philadelphia, Pa. 

DELAVAN MANUFACTURING COMPANY............. 597 
Fairall & Company Advertising Agency, Des Moines, Iowa 

DiveRsEY ENGINEERING COMPANY............... 605 
Roark & Colby Advertising, Chicago, Ill. 

Dovuauas AtrrcrRAFT CoMPANY, INC................ 499 
J. Walter Thompson Company, Los Angeles, Calif. 

Tue Dow CuHemiIcaL COMPANY................... 504 
MacManus, John & Adams, Inc., Bloomfield, Hills, Mich. 

pu Pont DE Nemours, E. I., anp ComPpANy 

N. W. Ayer & Son, Inc., Philadelphia, Pa. 

ELectrRO Propucts LABORATORY................. 597 
Robertson, Buckley & Gotsch, Inc., Chicago, Ill. 

ExcELCO DEVELOPMENTS INCORPORATED .......... 593 . 

FAIRCHILD CAMERA & INSTRU MENT CoRPORATION . 566 
G. M. Basford Co., New York, N. 

FarcHiLp ENGINE & Corporation. .502, 503 
Gaynor Colman Prentis & Varley, Inc., New York, N. Y 

FIRESTONE TIRE & RUBBER COMPANY 

GuIpEp MissILE Division................... 497 

Elwood J. Robinson & Co., Los Angeles, Calif. 

Forp INSTRUMENT COMPANY.................. 555, 615 
G. M. Basford Co., New York, N. Y. 

FUTURECRAFT CORPORATION..................... 597 


L. J. Swain Advertising, Whittier, Calif. 
THE GARRETT CORPORATION 
AIRESEARCH MANUFACTURING ComPAny . . .556, 557 
J. Walter Thompson Co., Los Angeles, Calif. 
AIRESEARCH INDUSTRIAL DIVISION........... 601 
J. Walter Thompson Co., Los Angeles, Calif. 
GENERAL CHEMICAL Division, ALLIED CHEMICAL & 


Atherton & Currier, Inc., New York, N. 
GENERAL ELEcTRIC COMPANY (Aircraft Nuclear 
Deutsch & Shea, Inc., New York, N. 
GENERAL ELEcTRIC COMPANY (jet Engine 
Deutsch & Shea, Inc., New York, N. Y. 
GENERAL MILs, MECHANICAL DIVISION........... 571 
Knox Reeves Advertising, Inc., Minneapolis, Minn. 
GRAND CENTRAL RocKET CoMPANY............... 573 
Byron H. Brown & Staff, Inc., Beverly Hills, Calif. 
Harowps Pony Express LopGeE.................. 582 


Thomas C. Wilson Advertising, Reno, Nev. 


HaskEL ENGINEERING & SuPPLY COMPANY 
Publication Engineers, Beverly Hills, Calif. 


HEILAND Division, MINNEAPOLIS-HONEYWELL..... 587 
Tool & Armstrong Advertising, Denver, Colorado 
Paul M. Healy Advertising, Montclair, N. J. 
INTERNATIONAL BUSINESS Macuive CoRPORATION . 493 
Benton & Bowles, Inc., New York, N. 
JAMES, Ponp & CLARK, 600 
Weir ” Advertising, Los Angeles, Calif. 
THE M. 583 
Fuller & Smith & Ross, Inc., New York, N. Y. 
LAMINATED SHIM COMPANY 
Wilson, Haight, Welch & Grover, Inc., Hartford, Conn. 
Western Advertising Agency, Inc., Los Angeles, Calif. 
LOcKHEED AIRCRAFT COMPANY 
MIssILE SysTEMs DIvISION.................. 559 
Hal Stebbins, Inc., Los Angeles, Calif. 
MANNING, MAXWELL & Moore, SRCORPOR ATED..... 569 
Fuller & ‘Smith & Ross, Inc., New York, N 
MARQUARDT AIRCRAFT CORPORATION.............. 598 
Grant Advertising, Inc., Hollywood, Calif. 
Tue Martin CoMPANy 
599 
Vansant. Dugdale & Company, Baltimore, Md. 
McDonNELL AIRCRAFT CORPORATION............. 505 
MENASCO MANUFACTURING COMPANY............. 490 
The McCarty Co., Advertising, Los Angeles, Calif. 
MITCHELL CAMERA CORPORATION................. 567 
Boylhart, Lovett & Dean, Inc., Los Angeles, Calif. 
New Departure A, DIVISION OF GENERAL Motors 
D. P. Brother & Co., Detroit, Mich. 
NirrRoGEN Division, ALLIED CHEMICAL & Dye Corp. 552 
G. M. Basford, New York, N. Y. 
Norton CoMPpANY 
New Propvwcts DIvision............. 604 
James Thomas Chirurg Co., Boston, Mass. 
Oak MANUFACTURING COMPANY.................. 611 
The Fensholt Advertising Agency, Chicago, III. 
PuHILLips PETROLEUM COMPANY................... 620 
Lambert & Feasley, Inc., New York, N. Y. 
Rapio CORPORATION OF AMERICA................. 619 
Al Paul Lefton Co., Phladelphia, Pa. 
577 
Richard & Gunther, Inc., New York, N. Y. 
THE RAMO-WOOLDRIDGE CORPORATION............ 506 
The McCarty Co., Inc., Los Angeles, Calif. 
Reaction Motors INCORPORATED................ 589 
Deutsch & Shea, Inc., New York, N. Y. 
Reaction Morors INCORPORATED......... Second Cover 
Doyle, Kitchen & McCormick, Inc., New York, N. Y. 
REVERE CORPORATION OF AMERICA............... 568 
L. Towne Advertising, New York, N. Y. 
RocKETDYNE, A DIVISION OF NORTH AMERICAN 
AVIATION, INCORPORATED................-... 602 
Batten, Barton, Durstine & Osborn, Los Angeles, Calif. 
SouTHWEsT Propucts COMPANY.................. 611 
O. K. Fagan Advertising Agency, Los Angeles, Calif. 
Sperry Gyroscope Company, A DIVISION OF SPERRY 
RAND 560, 561 
Reach, McClinton and Co., Inc., New York, N. Y. 
STATHAM LABORATORIES, INCORPORATED........... 592 
Western Advertising Agency, Inc., Los Angeles, Calif. 
F. W. StEwarT CORPORATION.................... 554 
Brandt Advertising Co., Chicago, Ill. 
TELECOMPUTING CORPORATION................... 613 
Mogge-Privett, Inc., Los Angeles, Calif. 
Kelly Nason Inc., New York, y. 
TICKLE, ARTHUR, W ORKS, INCORP- 
Ritter, Sanford & Price, Inc., New York, N. 
Trranium METALS CORPORATION................. 565 
W. L. Towne Advertising, New York, N. Y. 
TURBOCRAFT INCORPORATED...................... 575 
7 ieee E. Wallace Advertising, Inc., Palos Verdes Estates, 
airy. 
Witte & Burden Advertising, Detroit, Mich. 
WauGH ENGINEERING COMPANY............ 613 
Frank A. Wood Advertising, Los Angeles, Calif. 
Wicaarns, E. B., Om. Toot ComPpany............... 489 
Byron H. Brown & Staff, Inc., Beverly Hills, Calif. 


The Lester Co., Los Angeles, Calif. 


Cover 
: 
\ 
~ 
~ 
y 
ae 
< 
) 

5 
»? 
y 
~ 

— 


The proof of any guided missile is its 
performance. Not only is it necessary 
to provide accurate trajectory data in 
order to determine its effectiveness, but 
this must be made immediately available. 


To meet both requirements is the pur- 
pose of the AN/FPS-16 instrumenta- 
tion radar. This is the first radar 
developed specifically for Range Instru- 
mentation. It has demonstrated its 


HERE and... 


ability to track with accuracy in 
darkness, through clouds—under any 
atmospheric conditions—over extended 
ranges, and to yield data that can be 
reduced almost instantaneously to final 
form. This unit can also be assigned to 
plot performance of missile, satellite, 
drone and other free space moving 
targets. 


In the past, this data has depended upon 


first time 

the behavio 
pattern 
of a free space 
Moving Target 
can be directly 
calibrated 
and immediately 


evaluated 


optical devices, triangulation systems 
with long base lines and precision limi- 
tations, modified radar equipment and 
data reduction methods often requiring 
months for computation. The immediate 
availability of data evaluation provided 
by the AN/FPS-16, now being built by 
RCA under cognizance of the Navy 
Bureau of Aeronautics for all services, 
is a great forward step in Range 
Instrumentation. 
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Phillips 
— You 


There are a number of career positions open 
for scientists and engineers with the Rocket 
Fuels Division of Phillips Petroleum Company. 
Phillips is an important and established name 
in this rapidly expanding field. At the Phillips 
operated Air Force Plant 66 in Texas, there 
are complete modern laboratory facilities, a 
fully integrated self-supporting pilot and 
manufacturing control plant, static test prov- 
ing grounds, a completely modern manufac- 
turing line, and other equipment necessary for 
designing, testing and producing propellants 
and rockets. Write today. Confidential inter- 
views will be arranged for qualified applicants. 
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